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December  1,  1960 

The  143rd  Annual  Meeting  of  the  Academy  for  the  election  of  Fellows,  the 
presentation  of  reports,  and  the  transaction  of  other  business,  was  held  at  the 
Academy  Building  on  the  evening  of  Thursday,  December  1.  1960, 

The  first  order  of  business  was  devoted  to  the  reports  of  the  Officers  and 
Committees  of  the  Academy. 

REPORT  OF  OFFICERS  AND  COMMITTEES 

Report  of  the  Chairman  of  the  Board  of  Trustees 

Last  year,  in  its  first  report  to  the  Membership,  the  Board  of  Trustees  stated 
that  the  initial  steps  had  been  taken  for  its  organization  and  announced  the 
appointment  of  the  first  four  Members  of  the  Board,  which  together  with  the 
President,  the  two  Past  Presidents,  and  the  Executive  Director,  a  total  of  eight 
•lembeis,  made  it  possible  for  the  Board  to  hold  its  first  meeting  on  Novem¬ 
ber!.  1959. 

At  its  meetings  held  in  January  and  February  1960,  Lowell  Curtis  Wadmond, 
member  of  the  firm  of  White  8s  Case,  and  Harry  Cushman  Breck,  partner,  J.  Ss  II. 
Seligman  8d  Co.,  respectively,  were  named  to  the  Board  to  fill  two  of  the  re¬ 
maining  vacancies.  Both  of  these  new  trustees  are  men  of  wide  experience 
in  law  and  finance  and  their  knowledge  and  abilities  will  be  of  great  value 
tothe  Academy. 

Also  at  its  meeting  in  January,  the  Board  appointed  Harden  F.  Taylor  to 
serve  as  Treasurer  of  the  Academy  for  1960.  Doctor  Taylor,  Gordon  Y,  Billard, 
and  W.  Stuart  Thompson  were  named  as  the  Members  of  the  Finance  Committee. 

In  this,  its  first  year  of  operation,  the  Board  has  been  engaged  in  familiar¬ 
izing  itself  with  the  methods  of  functioning  of  the  fiscal  and  administrative 
system  of  the  Academy.  Several  significant  steps  were  taken  both  forthe  general 
improvement  and  for  broadening  the  scope  of  the  Academy’s  activities  that  could 
well  prove  important  to  the  Academy’s  future. 

The  investment  portfolio  of  the  Academy  was  adjusted  by  the  investment  of 
approximately  40  per  cent  of  its  total  capital  in  short-term  government  bonds  and  in 
high-grade  corporate  bonds.  The  amount  so  invested  equals  the  total  sum  of  the 
Endowment  Funds.  By  this  action  the  Academy  is  adhering  to  the  procedure  of 
the  larger  universities  and  philanthropic  institutions. 

Plans  were  advanced  for  furthering  the  achievement  of  Science  Center  New 
York.  It  is  essential  for  the  continuing  growth  of  the  Academy  that  this  project 
be  realized.  A  descriptive  brochure  has  been  printed  and  distributed  to  scientific 
institutions  and  organizations  that  are  prospective  occupants  of  the  office  space 
and  as  users  of  the  projected  auditorium  buildings.  Progress  is  reported  at  this 
time  but  the  Academy  is  not  yet  ready  to  make  a  formal  announcement  of  this 
project  until  all  arrangements  have  been  made  final. 

The  Board  of  Trustees  wholeheartedly  joins  me  in  taking  this  opportunity 
to  express  our  great  thanks  and  appreciation  to  our  Executive  Director,  Mrs. 
Eunice  Thomas  Miner,  whose  exeptional  qualities  and  capabilities  have  con¬ 
tributed  in  sfach  large  measure  to  the  success  of  the  Academy’s  achievements, 
and  through  her  we  thank  the  Staff  of  the  Academy  for  its  alert  and  dedicated 
efforts  to  achieve  increased  efficiency  in  the  performance  of  the  Academy’s  work. 

The  following  reports  on  the  functions  of  the  Administrative  Divisions  clearly 
indicate  the  ability  of  the  Staff  to  carry  out  the  growing  program  of  activities 
with  effective  service. 
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Divisions  of  The  Academy 


Membership  Division 


James  E.  Walling,  Head 
Robert  E.  Minton,  Associate 


The  Membership  Division  is  the  heart  of  the  Academy’s  administrative  system. 
The  growth  of  the  membership  is  the  prime  source  for  the  stimulation  and  develop¬ 
ment  of  all  other  Academy  activities;  moreover  it  provides  partial  support  from  the 
revenue  received  from  dues. 

The  basic  function  of  this  Division,  which  has  a  staff  of  seven,  is  to  keep 
the  records  of  the  Members  current  and  to  maintain  contact  with  both  the  present 
and  former  Members  so  that  they  may  be  continuously  aware  of  the  benefits  of 
Membership  and  of  the  Academy’s  desire  to  serve  its  Members  whenever  possible. 

The  constant  and  active  interest  of  the  Members  in  proposing  new  candidates 
is  evidenced  by  the  increase  in  Membership  over  the  past  decade  from  a  total 
of  6,536  in  1951  to  15,462  at  the  close  of  this  fiscal  year.  The  number  of  re¬ 
quests  from  Members  for  applications  with  which  to  propose  new  candidates  for 
Membership  increases  annually.  During  the  past  year  the  Members  individually 
have  asked  for  as  many  as  12  application  forms  in  a  single  request  and  have 
promptly  returned  these  in  proposing  new  Members.  This  willing  support  is  the 
pulse  of  our  organization. 

All  correspondence  with  Members  not  dealing  directly  with  other  Divisions 
is  handled  by  the  Membership  Division. 

Members  are  cordially  invited  to  visit  the  Academy  Building.  This  personal 
contact  between  this  Division  and  the  Members  is  most  welcome  and  helps 
greatly  to  maintain  rapport  between  both  parties. 


Conference  Division 


Edwin  S.  Schanze 

Associate  Executive  Director  and  Head 


The  Conference  Division  maintains  liaison  with  the  organizing  chairmen  of  I 


conferences  and  is  charged  with  the  responsibility  of  handling  the  administrative  | 
matters  and  of  making  the  necessary  physical  arrangements  in  preparation  for  I 
the  holding  of  the  conferences  under  the  auspices  of  the  Academy. 

The  Conference  Division,  in  addition  to  its  head,  has  a  staff  of  two  to  main¬ 
tain  the  personalized  communications  with  the  chairmen  and  participants  of 
conferences.  The  close  ties  established  at  the  outset  of  the  planning  phase 
facilitate  the  efficient  development  of  a  conference  and  are  reflected  generally 
in  the  pleasant  tone  of  the  conference  sessions,  luncheons,  and  cocktail  and 
dinner  gatherings. 

During  the  fiscal  year  1959—1960,  The  New  York  Academy  of  Sciences  held 
25  conferences.  To  date,  20  conferences  have  been  scheduled  for  the  fiscal 
year  1960-1961,  Of  these,  9  have  been  given  final  approval,  9  have  been  given 
approval  in  principle,  and  it  is  expected  that  the  2  remaining  will  be  held  as 
scheduled  during  the  fiscal  year.  Since  the  fiscal  year  has  just  begun,  it  is 
probable  that  additional  conferences  will  be  proposed  and  held  before  November 
1,  1961. 

Societies  Administration  Division 


John  O.  Reilly,  Divisional  Manager 

The  Societies  Administration  Division  is  responsible  for  the  use  and  re¬ 
servation  of  meeting  room  facilities  in  the  Academy  Building  as  well  as  for  the 


T 


I 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


175 


:em. 

lop- 

the 

eep 
ent 
1  of 
lie. 
tes 


for 

lly 

ive 

:he 

ns 

lal 

ps 


i 


of  I 
^e 

or 


ie 

iy 

id 

:d 

ii 

n 

IS 


1 


administration  of  several  organizations  such  as  Society  of  Pharmacists  in 
Industry,  American  Hypnodontic  Society,  Conference  of  Public  Health  Veteri¬ 
narians,  and  the  Industrial  Nurses  Society  of  Greater  New  York.  The  staff  con¬ 
sists  of  the  Divisional  Manager  and  three  assistants. 

During  the  past  academic  year,  116  meetings  of  the  Academy  were  held  in 
the  Academy  Quilding  by  the  ^oard  of  Trustees,  Scientific  Council,  Sections, 
Divisions,  and  Committees  for  the  conduct  of  the  Academy’s  activities.  In  addi¬ 
tion,  79  other  societies  and  groups  held  a  total  of  517  meetings,  luncheons, 
and  dinners  for  a  grand  total  of  633. 

Other  societies  housed  in  the  Academy  Building  are;  The  Institute  of  the 
City  of  New  York,  the  New  York  State  Society  for  Medical  Research,  Inc.,  the 
Arctic  Institute  of  North  America,  and  the  National  Resuscitation  Society. 

In  February  1960,  the  '  Scientists’  Committee  for  Radiation  requested  and 
received  an  office  in  the  Academy  Building.  This  committee,  now  incorporated, 
was  organized  with  the  objective  of  providing  information  on  radiation  and 
nuclear  energy  to  community  groups.  Its  aims  are  unbiased  and  nonpolitical 
and  similar  to  some  of  the  educational  objectives  of  the  Academy. 

In  the  spring  of  the  year,  the  National  Youth  Conservation  Council  was 
organized  and,  on  August  31,  1960,  was  incorporated  as  a  membership  and 
educational  organization  under  the  laws  of  the  state  of  New  York.  Its  purposes 
are  to  train  young  people  for  fitness  and  leadership  and  to  coordinate  this  train¬ 
ing  with  the  potentials  for  living  in  their  own  surroundings  and  their  natural 
environment.  This  young  and  growing  organization  is  also  housed  in  the  Academy 
Building. 

Both  the  Association  of  Computing  Machinery  and  the  Veterinary  Medi¬ 
cal  Association  of  New  York,  during  the  period  the  Academy  administered 
their  affairs,  have  grown  tremendously:  the  former  from  approximately  600  to 
more  than  7,000  members.  Since  they  have  reached  a  point  in  their  development 
where  they  are  now  financially  able  to  establish  their  own  staff,  equipment,  and 
headquarters,  they  have  moved  from  the  Building. 

Through  the  extension  of  its  facilities  and  services  to  other  societies  and 
groups,  the  Academy  is  able  to  encourage  their  development  and  growth. 

Editorial  Division 
Franklin  N.  Furness,  Editor 

Edgar  W,  White,  Managing  Editor 

The  staff  of  the  Editorial  Division  includes,  in  addition  to  the  Editor  and 
the  Managing  Editor,  three  associate  editors,  four  proofreaders,  a  layout  artist, 
and  a  secretary:  a  total  of  11  personnel. 

The  essential  function  of  this  Division  is  to  edit  and  prepare  for  the  printer 
all  copy  published  by  the  Academy,  which  includes  the  eight  monthly  issues  of 
the  Transactions  of  The  New  York  Academy  of  Sciences  issued  during  the 
academic  year;  the  large  and  small  AnNALS  of  The  New  York  Academy  of 
Sciences,  the  large  AnNALS  consisting  of  monographs  based  on  the  conferences 
held  by  the  Academy  and  the  small  AnNALS  of  single  papers  submitted  for 
publication;  the  SPECIAL  PUBLICATIONS;  and  ThE  SCIENTIFIC  SURVEY 
OF  Porto  Rico  and  the  Virgin  Islands.  The  Division  also  edits  and 

proofs  copy  for  all  miscellaneous  items,  the  conference  programs,  assembles 
and  edits  the  MONTHLY  PROGRAM,  and  periodically  furnishes  copy  for  the 
Academy’s  Publication  List. 

The  Editorial  Division,  acutely  conscious  of  the  fact  that  science  is  making 
rapid  advances,  exerts  every  effort  not  only  to  maintain  but  also  to  accelerate 
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its  printing  schedules  with  the  objectsof  getting  the  publications  into  print  at 
the  earliest  possible  date.  The  Division  has  succeeded  in  getting  a  600-page  '  ^ 

monograph  into  print  within  4  months  of  the  conference  date,  a  400-page  mono-  ^ 

graph  in  80  days.  To  accomplish  such  rapid  results  requires  the  prompt  sub¬ 
mission  of  the  manuscripts  by  the  authors  and  their  early  return  of  the  proof,  ^ 

However,  no  sacrifice  in  the  quality  of  its  work  of  editing  has  ever  been 
made.  The  Academy’s  publications  continue  to  enjoy  a  world-wide  reputation 
for  the  clarity,  accuracy,  and  high  excellence  of  their  authors’  contributions 
and  of  their  editing. 

Thirty-nine  monographs  totaling  8190  text  pages  were  processed  by  the  |  ^ 

Editorial  Division  in  the  fiscal  year  ending  October  31,  1960,  In  the  accomplish-  j 

ment  of  its  work,  the  Division  maintains  continuous  contact  with  the  conference  I 

editors  and  the  authors^  as  well  as  a  close  liaison  with  the  Executive  Director  ^ 

of  the  Academy  and  with  the  Publications,  Printing,  Membership,  and  Conference 
Divisions.  ^ 

Publications  Division  ' 

( 

Tillman  B.  DE  GRAPHENREED,  Divisional  Manager  and  Head 
Richard  BUMPUS,  Associate  Head 
James  Scott,  Publications  Promotion  Manager  < 

The  Publications  Division,  .currently  consisting  of  a  Department  Head  and  ^ 

a  staff  of  seven,  helps  to  publish  and  distributes  the  results  of  scientific  re-  i 

search. 

This  division  is  a  main  artery  in  a  complex  network  that  meets  constantly 
expanding  duties  and  responsibilities  dealing  with  the  distribution  of  the  Aca-  I 
demy’s  outstanding,  important  scientific  publications.  I 

While  creating  an  awareness  in  the  scientific  world  of  these  publications,  ^ 

this  division  controls,  maintains,  and  records  the  distribution  of  the  Academy’s  ^ 

publications  in  sales  and  gratis  shipments  to  both  members  and  nonmembers.  '  ^ 

An  active  and  ever-increasing  exchange  program  of  publications  (currently  ^ 

with  300  universities  and  other  institutions)  is  maintained  to  extend  the  avail-  ^ 

ability  of  our  publications  to  scientific  institutions  around  the  world.  The  ^ 

Annals  and  Transactions  are  a  gratis  contribution  from  the  Academy  to 
these  institutions  that  in  turn  send,  also  gratis,  their  publications  for  deposit 
in  the  Academy’s  growing  library.  Although  the  Academy’s  library  is  not  pre¬ 
sently  available  for  use,  it  is  anticipated  that  in  the  new  Science  Center  the 
library  will  accommodate  more  than  30,000  volumes. 

Interest  of  nonmembers  in  the  Academy’s  publications  is  encouraged  by 
vigorous  promotional  campaigns  that  serve  to  increase  sales,  to  assist  scientific 
investigators  who  desire  further  knowledge  in  their  given  fields,  and  to  stimulate  *  , 

science  students  advancing  in  their  careers.  , 

The  many  services  extended  by  the  Publications  Division  on  an  increas-  I 

ingly  international  scale  achieves  dissemination  of  the  results  of  scientific 
research. 

This  year  the  work  of  the  addressograph  room  was  set  up  as  a  subdivision  I 
of  the  Publications  Division  working  in  conjunction  with  the  mailing  and  shipping 
activities.  This  subdivision  is  responsible  for  handling  the  mailing  lists  of 
the  Academy,  which  include  stencils  of  the  Membership  list,  the  publications 
campaign,  and  those  organizations  whose  administration  is  handled  by  the 
Societies  Administration  Division.  The  importance  of  these  address  stencils  and 
current  address  lists  cannot  be  overemphasized,  since  this  is  the  main  route  of  , 

contact  between  the  Academy  and  its  Members  and  all  other  outside  sources  , 

handled  by  mail.  |  ] 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


177 


t  at  j 
age 
ino- 
ub* 

)of. 

een 

ion 

ons 


the  ! 


Ke 


In  addition  to  the  supervisor,  the  addressograph  room  has  a  staff  of  two  and  is 
equipped  with  the  necessary  automatic  machines  for  the  efficient  handling  of 
(II  bulk  mailings,  for  example.  Membership  mailings,  programs,  tabbing  of 
publications  ordered,  and  shipping  when  ready  for  distribution.Thesc  now  total 
more  than  2,000,000  pieces  of  mail. 

Academy  Press 

The  Academy  Press  produces  in  finished  form  all  of  the  Academy’s  printing 
except  the  large  conference  monographs.  The  latter  are  sent  to  an  outside  print¬ 
ing  house  because  the  Academy  Press,  in  the  present  building,  does  not  have 
the  physical  plant  in  which  to  install  the  necessary  equipment  to  expand  its 
facilities  and  equipment  to  cover  the  entire  printing  schedule. 

Responsibility  for  all  this  production  is  in  the  hands  of  a  supervising  head 
and  a  staff  comprising  3  pressmen,  3  collators  and  staplers,  2  Vari-Typists, 
and  3  other  members  who  direct  art  layout,  stencil  processing,  and  the  mechanics 
of  binding,  working  in  the  closest  cooperation  with  Editorial  and  other  divisions 
of  the  Academy. 

Fully  conscious  of  the  importance  of  time  and  accuracy  in  printing  scientific 
data,  the  Academy  Press  is  constantly  improving  its  methods  and  means  (me¬ 
chanical  equipment,  materials,  and  personnel).  Its  performance  is  not  only  of 
thehighest  quality  but  its  arrangement  serves  as  a  model  for  the  guidance  of  a 
number  of  other  organizations  and  institutions  in  establishing  their  own  off¬ 
set  press  operations. 

Three  presses  have  been  installed.  These  are  kept  working  on  a  double  shift 
for  an  average  of  12  hours  a  day  throughout  the  academic  year.  More  than  150 
tons  of  paper  were  printed  on  these  presses  last  year.  All  the  job  printing  for 
the  Academy’s  needs  covering  the  reports,  forms,  letterheads,  and  a  variety  of 
otherprinted  material,  in  addition  to  the  TRANSACTIONS,  MONTHLY  PROGRAM, 
and  reprints,  form  the  work  of  this  Division.  Other  up-to-date  equipment  in¬ 
cludes  a  compact  and  fast-performing  Dexter  folding  machine,  a  hydraulic  cutting 
machine,  automatic  stapling  machines  for  double  and  single  stitch  binding, 
as  well  as  effective  layout,  Vari-Type,  and  plate-making  equipment. 

The  Membership  should  realize  that,  by  maintaining  a  press,  the  Academy 
is  able  to  do  a  larger  portion  of  its  printing  on  a  more  economical  basis  than 
if  outside  sources  were  employed  for  this  purpose. 

Mailing  Division 

All  mailing,  shipping,  and  receiving  of  correspondence,  publications,  and 
materials  are  under  the  supervision  of  this  Division,  which  has  a  personnel 
of  four.  In  addition  to  the  stated  functions  of  this  Division,  it  is  responsible 
for  storage  of  the  Academy’s  large  publication  stock,  a  total  of  1,000,000 
separate  items. 

During  the  past  year,  this  Division  shipped,  received,  and  distributed  more 
than  2,000,000  pieces  of  mailing  matter  and  more  than  1,500,000  AnNALS 
and  other  publications  bearing  the  Academy’s  seal.  These  were  mailed  to  Mem¬ 
bers  and  nonmembers  as  well  as  to  organizations  throughout  the  world. 

To  meet  the  time  schedule  and  to  facilitate  this  very  active  program,  the 
Academy  this  year  purchased  a  machine  capable  of  simultaneously  collating 
and  inserting  into  envelopes  as  many  as  eight  separate  pieces  of  mail.  This 
remarkable  machine  also  seals,  counts,  stacks,  and  applies  the  requisite  amount 
of  postage  for  the  mailings.  By  the  installation  of  this  means  of  automation,  we 
have  happily  been  able  to  discontinue  the  "community  mass  mailing,’’  which 
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consisted  of  calling  the  entire  staff  from  its  established  routine  work  for  the  ! 
extensive  job  of  manually  collating  and  inserting  the  many  mailings  that  are  I 
regularly  sent  out  to  the  membership  and  to  organizations. 

The  major  object  and  aim  of  this  Division  is  to  provide  fast,  efficient,  safe, 
and  economical  mail  service  (in  accordance  with  changing  postal  regulations)  and 
to  distribute  effectively  the  Academy’s  mail  and  publicity  to  the  world  of  science. 

Public  Relations  Liaison  Division 

Anthony  g.  Tor  an,  fiead 

Public  Relations  is  defined  in  its  simplest  form  as  “an  existing  connection 
affecting  the  community  as  a  whole.” 

The  public  relations  program  designed  to  emphasize  the  functions  of  The 
New  York  Academy  of  Sciences  publicizes  its  scientific  program  of  activities 
in  order  to  further  the  present  educational  program  aimed  at  arousing  the  interest 
of  our  youth  in  establishing  careers  in  science  and  of  acquainting  the  public  ^ 
with  the  development  of  scientific  knowledge. 

The  Academy  is  one  of  the  most  prominent  organizations  stimulating  the  ; 
exchange  of  information  among  scientists.  Since  science  is  one  of  the  important  ; 
agencies  devoted  to  the  benefit  of  all  mankind,  this  fact  and  scientific  knowl¬ 
edge  itself  should  be  imparted  to  the  world  leaders  of  all  countries  and  fields 
of  endeavor.  To  do  so  will  bring  scientists  and  their  achievements  into  closer 
contact  with  the  public,  so  that  it  may  appreciate  the  many  benefits  it  derives 
from  scientific  research  and  discoveries.  The  public  should  be  the  largest  ^ 
contributor  to  the  support  of  science.  The  outstanding  work  of  scientists  who 
participate  in  the  conferences  of  the  Academy  should  be  recipients  of  such 
public  appreciation. 

The  concept  of  the  Academy's  public  relations  program  is  first  to  inform 
other  scientists  of  the  Academy’s  services  to  science  through  its  conferences 
and  publications.  The  second  step  is  to  inform  the  public  of  the  efforts  of  the  j 
Academy  to  further  the  advancement  of  science  for  the  purpose  of  improving  ' 
human  welfare.  The  endeavors,  influence,  and  importance  of  the  Academy  should 
become  well  known  and  thus  broaden  the  scope  of  its  prestige  and  communications  • 
on  a  scale  that  will  also  increase  an  interest  in  its  Membership  and  publication 
activities.  ^ 

In  summary,  since  the  Academy  has  been  a  successful  force  in  the  organ-  j 
ization  of  stimulating  scientific  programs  of  note,  its  purpose  is  to  develop  ; 
a  public  relations  project  that  will  serve  to  inform  both  science  and  the  public 
of  the  important  role  of  the  Academy  on  a  national  and  international  leveL 

I 

Accounting  Division  ; 

Felix  WILLMAN,  Accountant  j 

The  staff  of  the  Accountiitg  Division  includes  the  accountant  and  his  three 
assistants.  The  Division’s  work  is  the  coordination  of  the  activities  of  fiscal 
matters  of  all  other  Divisions  in  a  steadily  growing  institution. 

Statistics  —  the  indispensable  foundation  for  every  organization  engaged  in 
healthy  growth  —  accounts  for  much  of  the  time  and  effort  of  the  Division.  The 
Academy’s  accounting  statistics  demonstrate  how  each  of  the  other  Divisions 
has  accomplished  or  exceeded  its  goal  during  the  fiscal  year  just  passed. 

The  Accounting  Division  is  ever  on  the  alert  to  ascertain  that  growing  ex¬ 
penditures  remain  commensurate  with  income  received. 

The  complexity  of  the  Division’s  work  is  indicated  by  the  fact  that 
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Membership  of  the  Academy  exceeds  15,000  and  that  the  number  of  publications 
distributed  during  the  fiscal  year  ending  October  31,  1950  exceeded  1,500,000. 
Detailed  analyses  must  be  made  on  all  this  growth.  Growing  involves  higher 
costs  and  expenses,  including  salaries,  which  in  turn  have  been  met  by  team¬ 
work  of  the  Academy  Divisions  in  steadily  advancing  the  income  from  Academy 
publications  and  from  Membership  rolls.  Over  the  past  20  years  the  income  re¬ 
ceived  from  the  Academy’s  activities  covers  its  disbursements  up  to  96  1/3  per 
cent  of  its  expenses.  The  remaining  3  2/3  per  cent  has  been  received  from  out¬ 
side  sources  as  grants-in-aid  for  its  work.  This  is  clearly  evidence  that  the 
Academy  is  an  almost  wholly  self-supporting  institution. 

In  the  coming  year  the  Accounting  Division  stands  ready  to  cope  with  all 
problems  arising  from  expansion  of  The  New  York  Academy  of  Science. 


Report  of  the  Treasurer 

It  is  a  pleasure  to  report  to  the  Members  on  the  Academy’s  fiscal  record 
for  the  past  year.  Again,  this  year^  the  Academy  has  maintained  its  strong  fi¬ 
nancial  condition. 

Although  it  has  not  been  a  year  in  which  income  earned  has  established 
startlingly  new  records,the  Academy  nevertheless,  has  achieved  an  outstanding 
Kcord  of  accomplishment  in  its  program  of  activitiee  including  a  record  for 
the  number  of  conferences  held  in  a  single  year;  its  evening  meetings  and  the 
extension  of  its  services  to  other  Societies  for  a  total  of  633  meetings  held 
in  the  Academy  Building. 

The  reports  of  the  Heads  of  the  Academy’s  administrative  Divisions  indicate 
their  organizational  pattern  and  the  splendid,  up-to-date,  automatic  equipment 
that  is  made  available  so  that  the  Staff  may  achieve  its  service  to  the  membership 
and  to  science  throughout  the  world  with  an  efficiency  and  dispatch  that  is 
equal  to,  if  unsurpassed  by,  any  other  similar  organization.  The  total  personnel 
of  the  employed  Staff  numbered  64  men  and  women  at  October  31,  1960.  Their 
dedicated  service  to  the  Academy’s  endeavors  bring  daily  commendation  from 
the  recipients  of  this  service. 

These  accomplishments  are  in  themselves  a  record  of  achievement  in  an 
organization  that  is,  primarily,  self-supporting,  since  in  the  past  ye  ir  87.5  per 
centof  its  income  resulted  from  the  combined  efforts  of  the  scientis'.s  and  the 
contribution  of  their  researches  of  the  Academy’s  publications  at  conferences 
and  meetings;  the  support  of  the  membership;  the  income  from  the  sales  of 
publications  and  the  use  of  the  building  by  other  societies;  the  income  from  the 
modest  but  effectively  invested  capital  funds;  and,  the  combined  loyal  and 
energetic  efforts  of  the  Board  of  Trustees,  the  Scientific  Council,  and  the  em¬ 
ployed  Staff.  Such  a  strong,  coordinated  force  is  indomitable  and  because  of 
it  the  Academy  succeeds  in  developing  its  growing  progressively-directed 
program  for  science  and  courageously  meets  its  financial  obligations  resulting 
therefrom. 

The  total  capital  funds,  comprising  the  Endowment,  Building,  and  Prize 
Funds  were  $1,168,058.83  at  October  31,  1960,  an  increase  of  $14,075.81  over 
the  closing  figures  of  $1,154,983.02  for  these  Funds  in  1959.  The  Finance 
Committee  is  to  be  commended  for  its  close  regard  of  the  investment  security 
for  the  Academy’s  capital  funds. 

Income  earned  for  the  General  Funds  (operating  accounts)  was  $821,094.80 
for  1960  and  exceeded  total  expenses  for  the  fiscal  year  by  $5,684.68.  The 
General  Funds  current  surplus  is  $18,958.06. 

The  accrued  receipts  of  $359,564.03  from  Membership  dues  show  an  increase 
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of  $20,925.78  above  those  of  1959.  Credits  to  be  accrued  to  1961  on  this  account  ^ 
total  $62,622.67  of  which  $44,072.50  is  still  outstanding  in  dues  receivable. 

This  income  from  sales  of  publications  declined  from  a  total  of  $354,369.16 
in  1959  to  receipts  of  $273,965.13  in  1960.  This  was  a  logical  reduction  in 
income  since  the  Academy  benefitted  greatly  in  1959  by  several  orders  for  re¬ 
prints  totaling  more  than  900,000  copies  and  for  volume  sales  of  monogr^hs 
of  more  than  50,000  copies.  These  orders  were  in  addition  to  the  annual  routine 
schedule  of  orders  that  are  regularly  received.  Such  large  orders  are  not  or¬ 
dinarily  placed  for  the  Academy’s  publications  each  year.  The  income  received 
from  sales  of  publications  in  1960  is,  therefore,  more  normally  in  balance  with 
annual  estimates. 

Contributions  for  the  use  of  the  building  facilities  were  $8,461.05  higher 
than  in  1959.  This  is  evidenced  by  the  increase  in  the  number  of  meetings 
held  and  other  services  extended  to  other  societies. 

The  Academy  is  grateful  and  appreciative  to  those  corporations  and  in¬ 
stitutions  and,  particularly,  to  the  National  Institutes  of  Health  for  the  gene¬ 
rous  contributions  of  grants  received  this  year  for  aid  toward  defraying  the 
travelling  expenses  of  speakers  and  of  the  monographs  concerned  with  certain 
of  the  conferences  held.  A  total  contribution  of  $86,020.84  was  received  from  | 
these  sources  in  1960,  which  with  a  credit  of  $17,825.67  from  the  grants-in-aid 
account  of  1959,  enabled  the  Academy  to  extend  invitations  on  a  broader  geo¬ 
graphical  horizon  than  heretofore  for  participants  at  these  conferences. 

The  Women’s  Auxiliary  is  deeply  thanked  for  its  energetic  activities  in 
raising  sums  sufficient  to  purchase  the  new  draperies  now  hanging  in  the  Main  | 
Meeting  Hall  and  new  carpeting  for  the  stairs,  halls,  and  Council  Room,  to  be 
installed  in  January.  The  total  cost  of  these  items  will  exceed  $4,000  and  will 
be  paid  from  the  sums  that  the  Women’s  Auxiliary  has  contributed  as  the  net 
balances  of  the  several  benefits  its  has  held  during  the  past  two  years, including 
the  Bazaar  in  October  1960.  The  benefits  held  by  the  Women’s  Auxiliary  are 
more  than  money-raising  events  since  they  are  graciously  planned  and  held 
in  a  pleasant  atmosphere  of  fun  and  good  will.  These  are  attended  by  many 
of  the  Members  of  the  Academy. 

The  past  ten  years  have  been  a  period  of  great  growth  for  the  Academy.  i 
This  will  be  appreciated  by  the  comparison  of  the  total  assets  of  capital  and 
operating  accounts  combined.  The  closing  figures  of  the  Balance  Sheet  of 
1951  were  $598,5 19.47  and  for  1960  are  $1,315,506.85,  an  increase  of  $716,987.38 
in  net  worth  in  the  ten  years.  j 

As  the  Academy  enters  its  144th  year,  it  opens  with  the  plans  for  its  acti¬ 
vities  portending  anew  high  level  to  be  reached  in  its  acheivements  this  new  year. 

The  sincere  thanks  of  the  Academy  are  extended  to  the  Members,  societies  ^ 
and  all  others  who  have  contributed  to  the  support  of  the  Academy  and  aided 
in  strengthening  its  financial  well-being. 

The  accounts  of  the  Academy  have  been  examined  by  the  auditors.  Peat, 
Marwick,  Mitchell  and  Company.  Their  report  was  approved  by  the  Finance 
Committee  on  November  22,  1960,  as  provided  by  the  Bylaws.  These  audited 
financial  statements  for  the  year  ending  October  31,  1960,  with  comparative 
figures  for  the  preceding  year,  are  on  the  following  pages.  . 
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Report  of  the  Auditors 

Peat,  Marwick,  Mitchell  a  Co. 
Accountants  and  Auditors 
Seventy  Pine  Street 
New  York  5,  N.  Y. 

Accountants’  Report 


The  Finance  Committee, 

The  New  York  Academy  of  Sciences: 

We  have  examined  the  balance  sheet  of  The  New  York  Academy  of  Sciences 
as  of  October  31,  1960  and  the  related  statement  of  general  fund  income  and 
expenses  and  surplus  for  the  year  then  ended.  Our  examination  was  made  in 
accordance  with  generally  accepted  auditing  standards,  and  accordingly  in> 
eluded  such  tests  of  the  accounting  records  and  such  other  auditing  procedures 
as  we  considered  necessary  in  the  circumstances. 

The  cash  has  been  confirmed  by  certificates  obtained  directly  from  the  de¬ 
positaries  or  by  count. 

We  did  not  confirm  the  members’  dues  or  the  pledges  receivable  by  communi¬ 
cation  with  the  respective  members  or  pledgers.  No  provision  has  been  made 
for  loss,  which  may  be  substantial,  in  collection  of  members’  dues.  We  com¬ 
municated  with  all  debtors  on  other  accounts  receivable,  representing  charges 
for  publications,  use  of  building,  etc.,  by  mailing  the  Academy’s  statements  for 
the  month  of  October  accompanied  by  a  request  that  we  be  notified  of  any  ex¬ 
ceptions.  The  exceptions  reported  were  explained  to  our  satisfaction. 

The  inventory  of  the  printing  division  is  stated  in  accordance  with  a  physi¬ 
cal  inventory  taken  and  valued  by  employees  of  the  Academy  and  certified  by 
the  Executive  Director  as  to  description,  quantities,  condition  and  valuation. 
We  made  tests  of  the  quantities,  prices  and  computations.  The  balance  sheet 
does  not  reflect  the  books  and  publications  on  hand  at  October  31,  1960  as 
it  is  the  policy  of  the  Academy  to  charge  publication  costs  to  expense  as  in¬ 
curred. 

The  marketable  securities  were  inspected  or  confirmed  by  the  custodian 
and  the  income  therefrom  was  confirmed  by  reference  to  independent  sources. 

The  real  estate  at  2  East  63rd  Street,  New  York,  was  contributed  to  the 
Academy  in  1949.  It  is  carried  in  the  balance  sheet  at  the  valuation,  $425,000.00, 
as  assessed  by  the  City  of  New  York  for  real  estate  tax  purposes  as  of  the 
date  of  the  contribution,  plus  the  cost  of  improvements.  Furniture,  fixtures  and 
equipment  acquired  by  the  Academy,  through  purchase  or  contribution,  are  not 
reflected  in  the  assets;  the  purchases  during  the  year  ended  October  31,  1960 
have  been  charged  to  the  income  of  the  general  fund.  In  conformity  with  the 
practice  usually  foUowed  by  similar  organizations,  the  Academy  does  not  provide 
for  depreciation  of  the  building  and  improvements. 

All  liabilities  of  which  we  obtained  knowledge  as  a  result  of  our  examina¬ 
tion  have  received  appropriate  recognition. 

In  our  opinion,  subject  to  the  foregoing  comments,  the  accompanying  balance 
sheet  and  statement  of  general  fund  income  and  expenses  and  surplus  present 
fairly  the  financial  position  of  The  New  York  Academy  of  Sciences  at  October 
31,  1960  and  the  results  of  its  operations  for  the  year  then  ended,  on  a  basis 
consistent  with  that  of  the  preceding  year. 

Peat,  Marwick,  Mitchell  ago. 

New  York,  N.  Y. 

November  IS,  1960 
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The  new  York  Academy  of  Sciences 
Comparative  Balance  Sheet 

October  31,  1960  and  1959 


General  Find 


Cash  in  bank  and  on  hand 
Receivables: 

Members’  dues 
Other  accounts 
Inventory  —  printing  division 
Prepaid  expenses 


$  4,504.91 

44,072.50 

62,705.79 

9,373.26 

2.667.73 

$123.324.19 


30,787.50 

45,773.17 

4,817.99 

2.008.67 


Endowment  Funds 

Cash,  in  bank  or  deposited  with  security  dealers 
Marketable  securities  —  stated  at  purchase  cost 
or  quoted  price  at  date  of  contribution  (quoted 
market  value  at  October  31,  1960,  $578,029.85) 


$  1,108.90 

644,976.43 

$646.085.33 


644,304.70 


Building  Fund 

Cash  in  bank 

Receivables  —  pledges 

Marketable  securities  —  stated  at  purchase 
cost  or  quoted  price  at  date  of  contribution 
(quoted  market  value  at  October  31,  1960, 
$38,875.00) 

Real  estate  at  2  East  63rd  Street,  New  York, 
at  assessed  valuation  at  date  of  contribution, 
and  improvements  ($27,280.63)  at  cost 


$  447.65 

2,360.00 


46, 146.28 

452,280.63 

$501,234.56 


318.17 

1,000.00 


35,961.58 


452,280.63 

489,560.38 


Prize  Funds 

Cash  in  bank 

Marketable  securities  —  stated  at  purchase  cost 
or  quoted  price  at  date  of  contribution  (quoted 
market  value  at  October  31,  1960,  $38,509.65 


$  4,192.15 


3,799.83 


Special  Funds 


Cash  in  bank 
Receivables  —  pledges 


$  24,123.83 


$  24.123.83 


18,179.16 

12,439.21 
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The  new  York  Academy  of  Sciences 
Comparative  Balance  Sheet 

LIABILITIES  AND  FUNDS 


General  Fund 

Liabilities: 

Accounts  payable  $  36,427.01 

Mortgage  interest  accrued,  at  57a  per  annum  1,662.45 

Members’  dues  unearned  62,622.67 

Members’  dues  collected  in  advance  3,654.00 

Fund  surplus,  per  accompanying  statement  18,958.06 


1,281.20 

60,892.50 

2,503.50 

19.367.66 

84.044.86 


Endowment  Funds 

Principal  of  funds: 

John  James  Audubon  Fund 

Nathaniel  Lord  Britton  Fund 

Centennial  Endowment  Fund 

Roy  Waldo  Miner  Memorial  Publication  Fund 

John  Strong  Newberry  Fund 

George  H.  Sherwood  Memorial  Fund 

Ralph  Winfield  Tower  Memorial  Fund 

Thomas  Lincoln  Casey  Fund 

John  Roger  Fund 

Capital  gains  and  losses  (net)  on  investment 
transactions,  reserved 


Building  Fund 

Mortgage  (original  amount,  $200,000.00)  on  real 
estate  due  May  1,  1971  (payable  $3,750.00 
quarterly  for  principal  and  interest  at  SWo 
per  annum) 

Principal  of  fund 


Prize  Funds 

Principal  of  funds: 

George  Frederick  Kunz  Prize  Fiand 
A  Cressy  Morrison  Prize  Fund 


Special  Funds 

Principal  of  funds: 

Grants-in>aid 

Contributions  —  Women’s  Auxiliary 
Auditorium  project  fund 

Unexpected  investment  income  of  endowment  funds 


(  2,500.00 

30,039.77 
7,934.00 
7,765.50 
1,000.00 
7,000.00 
12,728.00 
213,461.99 
1,000.00 


2,500.00 

30,039.77 

7,934.00 

7,743.00 

1,000.00 

7,000.00 

12.728.00 

213,461.99 

1,000.00 


$646,085.33 

645.076.02 

$120,905.72 

127,000.00 

380,328.84 

362,560.38 

$501,234.56 

489.560.38 

$  1,103.21 

1,069.60 

19.635.73 

19.277.02 

$20,738.94 

$20,346.62 

$  19,731.01 

29,113.09 

1, 100.16 

1,281.16 

442.77 

224.12 

1  2,849.89 

- 

T 
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The  New  York  Academy  of  Sciences 

Comparative  Statement  of  General  Fund  Income  and  Expenses  and  Surplus 
Years  ended  October  31,  1960  and  1959 


Income: 

1960 

1959 

Membership  dues  (note  1) 

$359,564.83 

338,639.05 

Sales  of  publications 

273,965.13 

354,269.16 

Contributions-in-aid 

103,846.5 1 

114,617.61 

Contributions  —  use  of  building  facilities 

64,780.26 

56,319.21 

Contributions  to  general  fund 

Income  received  on  securities  of  endowment 

3,916.10 

2,428.96 

and  building  funds 

20.706.65 

26,594.08 

Total  Income 

Expenses: 

Publication  costs  (including  salaries  and 

$826,779.48 

892.868.07 

expenses  of  printing  division) 

$284,381.22 

374,460.06 

Distribution  of  publications 

37,067.25 

28,918.55 

Postage 

57,205.64 

52,129.12 

Mailing  salaries  and  expenses  (note  2) 

49,037.14 

24,032.44 

Conference  and  meeting  expenses 

132,226.81 

88,034.12 

Building  operating  salaries  and  expenses 

39,999.71 

44,809.64 

Executive  salaries  and  expenses 

47,740.99 

44,907.38 

Editorial  staff  —  salaries  and  expenses 

49,525.10 

53,985.03 

Membership  expansion  —  salaries  and  expenses 

25,937.13 

22,538.37 

Public  relations  —  salaries  and  expenses 

21,497.08 

8,927.62 

Societies  administration 

17,443.25 

17,208.16 

Social  security  taxes 

7,661.05 

6,342.07 

Interest  on  mortgage 

6,818.17 

6,158.46 

Accounting  salaries  and  expenses 

21,299.63 

20,162.94 

General  office  salaries  and  expenses 

18,781.12 

21,772.61 

Prize  award  expenses 

- 

293.20 

Science  Center  expenses 

4,4  73.51 

- 

Total  Expenses 

821.094.80 

814.679.77 

Excess  of  income  over  expenses  for  year 

5,684.68 

78,188.30 

General  fund  surplus  (deficit)  at  beginning  of  year 

Deduct  contribution  from  general  fund  to  building 
fund,  equivalent  to  the  payments  of  mortgage 

19,367.66 

25.052.34 

(49,723.88) 

28.464.42 

principal 

6,094.28 

9,096.76 

General  fund  surplus  at  end  of  year  $  18,958.06  19,367.66 


Notes: 

(1)  Effective  January  1,  1959,  as  authorized  by  the  Scientific  Council  of 

the  Academy,  the  dues  for  general  membership  were  increased  from 
$15.00  to  $25.00  a  year. 

(2)  Mailing  salaries  and  expenses  for  the  year  ended  October  31,  1960 

include  equipment  purchases  of  $24,680.48. 
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Report  of  the  Corresponding  Secretary 

There  are,  at  present,  upon  the  rolls  of  the  Academy,  80  Honorary  Life  Members. 
The  Corresponding  Secretary  takes  this  opportunity  of  presenting  the  Members 
of  the  Academy  with  an  up-to-date  list  of  the  Honorary  Life  Membership  Class: 


Sven  Olof  Asplund . 

William  Thomas  Astbury . 

Frederick  Charles  Bawden  ... 

Isaac  Berenblum . 

Ernst  David  Bergmann . 

Ivane  Beritaahviii . . 

Charies  Herbert  Best . . 

Niels  Bohr . 

Henri  BreuiL . 

MacFarlane  Burnet . . 

Adolf  F.  J.  Butenandt . . 

Adriano  A.  Buzzati-Traverso  . 

M.  Albert  Caquot . 

Alfonso  Caso . . . 

J.  A.  Christiansen . 

John  Cockcroft . 

James  Bertram  Coliip . . 

Arthur  H.  Compton . 

Charles  Alfred  Coulson . 

Eduardo  Cruz-Coke . 

Henry  Dale . 

Thomas  D  ailing . 

Clinton  J.  Davisson . 

Peter  J.  W.  Debye . 

Aibert  Defant . . 

Ulick  R.  Evans . 

Emmanuel  Faure-Fremiet . 

Howard  Walter  Florey . 

David  Kennedy  Henderson . 

Corneille  J.  F.  Heymans . 

Cyril  Norman  Hinshelwood.... 

Bernardo  A.  Houssay . 

Julian  S.  Huxley . 

Christopher  Kelk  Ingoid . 

James  Tutin  Irving... . . 

Haroid  Jeffreys . . . 

Peter  Kapitza  . . . . 

Vasant  Ramj  Khanolkar . . 

Alfred  L.  Kroeber . 

Hugo  Rudolph  Kruyt . 

Richard  Kuhn . . . 

Johan  Albert  Levan . . . . 

Henri que  da  Rocha  Lima . 

Andre  Lwoff . . . 

Peter  Brian  Medawar . 

Aiezander  N.  Nesmeyanov . 

Ernst  Harold  Norinder . . 

Marcus  L.  E.  Oliphant . 

Francis  Perrin . 

Jean  Piaget . . . 

Henri  Pieron . . 

Gregorio  Posadilio  y  Maranon. 

A.  R.  Radcilffe-Brown.. . 

Gaston  Leon  Ramon . . . 

Herbert  Harold  Read . 

Tadeus  Reichstein . . . 

Robert  Robinson . 

F.  J.  W.  Roughton. . . . 

John  A.  M.  Runnstrom . 

Bertrand  A.  W.  Russell . 


I .  Gothenburg,  Sveden 

. Leeds,  England 

.  Harpenden,  Hert,  England 

. Rehovoth,  Israel 

. T  el-Avlv,  Israel 

. . . Tbilisi,  U.S.S.R. 

.  Toronto,  Canada 

. . Copenhagen,  Denmark 

. Paris,  FraiKe 

. Victoria,  Australia 

. Munich, Germ  any 

. . . Pavia,  Italy 

. Paris,  France 

. .  Mexico  City,  Mexico 

I . Copenhagen,  Denmark 

. Cambridge,  England 

. London,  Ontario,  Canada 

. St.  Louis,  Missouri 

. Oxford,  England 

. . Santiago,  Chile 

. London,  England 

. Rome,  Italy 

. Charlottesville,  Virginia 

. Ithaca,  New  York 

. Innsbruck,  Austria 

. Cambridge,  England 

. . Paris,  France 

. Oxford,  England 

. Edinburgh,  Scotland 

. Ghent,  Belgium 

. Oxford,  England 

. Buenos  Aires,  Argentina 

. London,  England 

. London,  England 

. . Boston,  Massachusetts 

. Cambridge,  England 

. . Moscow,  U.S.S.R. 

. . Bombay,  India 

. Berkeley,  California 

. The  Hague,  The  Netherlands 

. . Heidelberg,  Germany 

. .Lund,  Sweden 

. Sao  Paulo,  Brazil 

. . . Paris,  France 

. London,  England 

. Moscow,  U.S.S.R. 

. . . .Uppsala,  Sweden 

. Canberra,  Australia 

. Paris,  France 

. Geneva,  Switzerland 

. . . . Paris,  France 

. Madrid,  Spain 

. Grahamstown,  South  Africa 

....  Garches,  Seine  et  Oise,  France 

. London,  England 

. Basle,  Switzerland 

Great  Missenden,  Bucks.,  England 

. Cambridge,  England 

. Stockholm,  Sweden 

. . Cambridge,  England 
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H.  Schaafar . Heidalbari,  Germaf^ 

Gerhard  Schramm . Tubingan,  Germany 

Adolph  H.  Schultz . . . Zurich.  Switzerland 

Waclaw  Slerplnski . . . Warsaw,  Poland 

Wilson  Smith... . London,  England 

A.  A.  Smorodintsev  . Leningrad,  U.S.S.R 

Erik  A.  Stansio . Stockholm,  Sweden 

Th.  Svedberg . Uppsala,  Sweden 

Nicholas  H.  Swellengrsbel . Amsterdam,  The  Netherlands 

Albert  Szent-Gyorgyl . Woods  Hole,  Massachusetts 

Hugo  Theorell.. . Stockholm,  Sweden 

Ame  Tlselius..... . Uppsala,  Sweden 

Alexander  R.  Todd . . . Cambridge,  England 

E.  Vassy . . . Paris,  France 

Feliz  A.  Vening-Meinesz . Potgieterlaan,  Holland 

Henri  Rene  Villat . Potgieterlaan,  The  Netherlands 

Robert  von  Heine>Geldem . Vienna,  Austria 

G.  H.  R.  von  Koenlgswald .  Utrecht,  The  Netherlands 

David  M.  S.  Watson . London,  England 

Hideki  Yukawa . Kyoto,  Japan 

Record  is  made  with  regret  of  the  death  of  the  following  Honorary  Life  Members: 

Ross  Granville  Harrison,  New  Haven,  Connecticut,  elected  14  December  1938,  died 
30  September  1959, 

Charles  Oberling,  Paris,  France,  elected  15  December  1959,  died  March,  1960, 

Max  Von  Laue,  Berlin-Dahlem,  Germany,  elected  4  December  1952,  died  24  April  1960, 


Report  of  the  Recording  Secretary 

The  past  year  can  well  be  recorded  as  one  in  which  the  Academy  consoli¬ 
dated  its  plans  for  further  growth  and  development  in  its  program  of  scientific 
activities  and  to  constructively  stabilize  the  organizational  pattern  of  its  govern¬ 
ing  bodies;  the  newly-established  Board  of  Trustees  and  the  Scientific  Council 

It  was  a  year  of  outstanding  accomplishment  for  the  Academy  as  well  as  of 
substantial  recovery  of  its  membership  losses  that  occurred  in  1959  with  the 
necessary  increase  in  the  dues  of  Annual  Members. 

Due  to  the  energetic  efforts  and  cooperation  of  the  Conference  Organization 
Committee,  a  record  number  of  twenty-five  conferences  were  held  from  November 
1,  1959  to  October  31,  1960.  These  conferences  are  listed  below  and  clearly 
indicate  the  broad  areas  of  science  and  of  fundamental  research  that  were  dis¬ 
cussed;  also  that  the  scope  of  areas  of  research  covered  at  these  conferences 
has  increased  significantly  in  recent  years. 

Since  the  reorganization  of  the  Sections  and  Divisions,  the  Committee  on 
Sectional  Activities  has  devoted  close  study  to  the  selection  of  competent  and 
inspired  leadership  for  the  further  development  of  the  evening  meetings.  It  has 
encouraged  the  suggestions  and  aims  of  the  Sectional  and  Divisional  Officers 
to  increase  the  attendance  at  the  meetings;  to  widen  the  geographical  horizon 
from  which  to  obtain  speakers  and  has  established  a  series  of  informal,  invitation 
dinners,  held  prior  to  a  number  of  the  meetings.  These  dinners  have  served  to 
extend  the  appreciation  and  hospitality  of  the  Academy  to  the  speakers  as  well 
as  to  bring  them  into  closer  association  with  their  colleagues  in  the  New  York 
Metropolitan  area. 

The  sections  of  Biological  and  Medical  Sciences,  Chemical  Sciences,  and 
Geological  Sciences  in  addition  to  the  eight  Divisions  covering  Anthropology, 
Biochemistry,  Engineering,  Instrumentation,  Microbiology,  Ntx;lear  Physics, 
Oceanography  and  Meteorology,  and  Psychology  held  a  total  of  70  evening  Meet¬ 
ings  at  which  82  papers  were  presented,  in  addition  to  the  total  of  57  days  upon 
which  the  conferences  were  held.  The  Board  of  Trustees,  the  Scientific  Council 
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and  their  Committee  held  a  combined  total  of  46  meetings  in  connection  with  the 
Academy’s  activities  and  management. 

Beginning  with  January  1961,  the  Section  of  Physical  Sciences  and  the 
Division  of  Mathematics  will  hold  regular  monthly  meetings  under  the  leader* 
ship  of  Hiram  Hart,  City  College  of  New  York,  and  of  Robert  D.  Hatcher,  New 
York  University,  for  the  Section  of  Physical  Sciences;  and  of  Bradford  F.  Hadnot, 
International  Business  Machines  Corporation,  and  of  Mary  P.  Dolciani,  Hunter 
College,  for  the  Division  of  Mathematics. 

The  Section  of  Physical  Sciences  will  meet  on  the  third  Wednesday  of  eadi 
month  of  the  academic  year  from  October  to  May  inclusive  and  the  Division  of 
Mathematics  will  hold  its  meetings  on  the  second  Wednesday  of  these  months. 

The  Committee  on  Publication  and  Awards  has  given  diligent  attention  to 
the  selection  of  papers  submitted  for  consideration  of  publication  that  have 
not  been  presented  at  stated  meetings  of  the  Academy.  Fourteen  of  these  papers 
were  published  this  year. 

The  very  active  and  productive  publication  schedule  of  the  Academy  has 
kept  pace  with  the  momentum  of  all  other  phases  of  the  Academy’s  activities. 
A  total  of  39  monographs,  including  those  of  the  conferences,  have  appeared  in 
the  Annals  during  the  fiscal  year.  Two  additional  parts  of  the  Scientific  Survey 
of  Porto  Rico  and  the  Virgin  Islands  were  published  also,  in  addition  to  Volume 
22,  Nos.  1*8,  of  the  Transactions.  This  totals  8,190  text  pages  printed  and 
distributed  this  year. 

The  following  is  the  list  of  the  twenty*five  conferences  held  during  the 
fiscal  year: 

“Modern  Concepts  of  Thyroid  Physiology,’’  Chairman,  Rulon  W.  Rawson, 
November  5,  6,  and  7,  1959,  Section  of  Biological  and  Medical  Sciences. 

“Automatic  Chemical  Analysis,’’  Chairman,  Ralph  H.  Muller,  November  12, 
13,  14,  1959,  Division  of  Instrumentation. 

"Care  and  Diseases  of  the  Research  Monkey,”  Chairman,  Robert  M.  Sauer, 
November  19  and  20,  1959,  Section  of  Biological  and  Medical  Sciences. 

“Nonnarcotic  Drugs  for  the  Relief  of  Pain  and  Their  Mode  of  Action,”  Chair* 
man, Frank  M.  Berger,  December  4  and  5,  1959,  Section  of  Biological  and  Medical 
Sciences. 

“Chelation  Phenomena,”  Coitference  Cochairmen,  Jerome  F.  Fredrick  and 
Arthur  E.  Martell,  December  7  and  8,  1959,  Section  of  Biological  and  Medical 
Sciences  and  Section  of  Chemical  Sciences. 

“The  Reticuloendotheal  System  (RES),”  Conference  Cochairmen,  John  H. 
Heller  and  Albert  S.  Gordon,  December  10  and  11,  1959,  Section  of  Biological 
and  Medical  Sciences. 

“Cormective  Tissue  and  Diseases  of  Connective  Tissue,”  Conference  Chair* 
man,  B.  M,  Wagner,  January  7  and  8,  1960,  Section  of  Biological  and  Medical 
Sciences. 

“Second  Conference  on  Medical  Mycology,”  Conference  Chairman,  Chester  W. 
Emmons,  January  11  and  12,  1960,  Section  of  Biological  and  Medical  Sciences 
and  Division  of  Mycology. 

“Fourth  Tissue  Homotransplantation  Conference,”  Conference  Cochairmen, 
John  M.  Converse  and  Blair  O.  Rogers,  February  3,  4,  and  5,  1960,  Section  of 
Biological  and  Medical  Sciences. 

“Amino  Acids,  Peptides,  and  Proteins,”  Conference  Chairman,  Karl  Folkers, 
February  25  and  26,  1960,  Section  of  Chemical  Sciences. 

“Second  Conference  on  Mechanisms  of  Cell  Division,”  Conference  Cochair* 
men,  Paul  R.  Gross  and  Daniel  Mazia,  March  3  and  4,  1960,  Section  of  Biological 
and  Medical  Sciences. 
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“Geochronology  of  Rock  Systems,”  Conference  Chairman,  J.  Laurence  Kulp, 
March  3,  4,  and  5,  1960,  Section  of  Geological  Sciences  and  Section  of  Chemical 
Sciences. 

“Aspects  of  Insect  Endocrinology,”  Conference  Cochairmen,  Dietrich  Boden- 
stein  and  Karl  Maramorosch,  March  18,  1960,  Section  of  Biological  and  Medical 
Sciences. 

“Cardiovascular  Effects  of  Nicotine  and  Smoking,”  Conference  Cochair¬ 
men,  Carl  J.  Wiggers  and  McKeen  Cattell,  March  24,  25,  and  26,  1960,  Section 
of  Biological  and  Medical  Sciences. 

“The  Actinomycins  and  Their  Importance  in  the  Treatment  of  Tumors  in 
Animals  and  Man,”  Conference  Chairman,  Selman  A.  Waksman,  March  31  and 
April  1,  1960,  Section  of  Biological  and  Medical  Sciences  and  Divisions  of  Micro¬ 
biology. 

“Biochemistry  and  Pharmacology  of  Compounds  Derived  from  Marine  Organ-  | 
isms,”  Conference  Chairman,  Ross  F.  Negrelli,  April  6,  7,  and  8,  1960.  Held 
under  the  joint  auspices  of  The  New  York  Academy  of  Sciences,  Section  of  j 
Biological  and  Medical  Sciences;  American  Institute  of  Biological  Sciences; 
Biology  Branch,  Office  of  Naval  Research,  Department  of  the  Navy;  and  New  j 
York  Zoological  Society. 

“Biochemical  Aspects  of  Microbial  Pathogenicity,”  Conference  Cochairmen,  ! 
Werner  Braun  and  D.  V.  Siva  Sankar,  April  28,  29,  and  30,  1960,  Section  of 
Biological  and  Medical  Sciences  and  Division  of  Microbiology. 

“Fundamentals  of  Psychology:  The  Psychology  of  Thinking,”  Conference 
Chairman,  J.  P,  Guilford,  April  28  and  29,  1960,  Division  of  Psychology. 

“New  Diuretics  and  Antihypertensive  Agents,”  Conference  Chairman,  Arthur 
Grollman,  May  5  and  6,  1960,  Section  of  Biological  and  Medical  Sciences. 

“Deuterium  Isotope  Effects  in  Chemistry  and  Biology,”  Conference  Cochair¬ 
men,  David  Kritchevsky  and  Joseph  J.  Katz,  May  12  and  13,  1960,  Section  of 
Biological  and  Medical  Sciences. 

“Human  Decisions  in  Complex  Systems,”  Conference  Chairman,  Warren  S. 
McCulloch,  May  19  and  20,  1960,  Division  of  Mathematics  and  Division  of  Psy-  j 
chology. 

“Thermodynamics  and  Mechanics  of  Polymer  Systems,”  Conference  Chairman,  j 
Frederick  R.  Eirich,  Section  of  Chemical  Sciences.  i 

“Culture,  Society,  and  Health,”  Conference  Cochairmen,  Dorothy  L.  Keur 
and  Vera  Rubin,  June  1,  2,  and  3,  1960.  Held  under  the  joint  auspices  of  The 
New  York  Academy  of  Sciences,  Division  of  Anthropology  and  Research  Institute  I 
for  the  Study  of  Maa 

“Vitamin  C,”  Conference  Cochairmen,  J.  J.  Burns  and  C.  G.  King,  October  | 
7  and  8,  1960,  Section  of  Biological  and  Medical  Sciences. 

“Pavlovian  Conference  on  Higher  Nervous  Activity,”  Conference  Cochair-  1 
men,  Nathan  S.  Kline  and  Gregory  Razran,  October  13,  14,  and  15,  1960.  Held 
under  the  joint  auspicies  of  The  New  York  Academy  of  Sciences,  Sect  ion  of 
Biological  and  Medical  Sciences  and  Division  of  Psychology;  and  the  Academy  i 
of  Medical  Sciences  of  the  Union  of  Soviet  Socialist  Republics. 


These  conferences  included,  in  total,  608  stated  papers  presented  by  1,012 
investigators.  The  international  scope  of  these  conferences  is  clearly  evidenced 
by  the  participation  of  71  scientists  on  the  programs  from  21  other  countries. 

The  Academy  expresses  its  cordial  thanks  and  deep  appreciation  to  these 
scientists  who  so  generoulsy  have  given  of  their  research  results  and  time  to 
further  the  advancement  of  science  through  their  efforts  in  participating 
these  meetings. 

During  the  year  ending  October  31,  1960,  1,854  new  members  were  added  to 
the  rolls  as  follows:  9  Honorary  Life  Members;  24  Active  Life  Members;  29 
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Sustaining  Members;  1,684  Annual  Active  Members;  108  Student  Members.  Ninety- 
five  former  Members  were  reinstated,  thus  making  a  total  of  1,949  added  to  the 
current  Membership  rolls.  Forty-nine  transfers  were  effected  in  the  Annual 
Classes;  four  Active  Members  were  transferred  by  election  to  the  Honorary 
Life  Membership  Class;  and  two  Sustaining  and  14  Annual  Members  were  trans¬ 
ferred  to  the  Active  Life  Membership  Class  by  payment  of  the  required  fee. 

The  Academy  lost  by  death  three  Honorary  Life  Members,  ten  Active  Life 
Members,  two  Sustaining  Members,  and  77  Annual  Active  Members.  Eight  hundred 
ninety-five  resignations  were  accepted  and  268  Members  were  dropped  as  not 
having  paid  dues,  or  for  not  having  qualified  for  Membership. 

The  Academy  now  stands  with  a  net  gain  of  692  Members  for  the  current 
year.  There  are  at  present  upon  the  rolls  of  the  Academy  15,462  Members  of 
whom  1,440  are  Fellows,  classified  as  follows: 

1  Gold  Card  Member  458  Active  Life  Members 

3  Benefactors  229  Sustaining  Members 

2  Patrons  14,423  Annual  Active  Members 

80  Honorary  Life  Members  258  Student  Members 

8  Corporation  Members 

Record  is  made  with  regret  of  the  loss  by  death  of  the  following  Members: 
Active  Life  Members 

Roy  C.  Andrews,  elected  to  Active  Membership  December  1908;  transferred  to  Life 
Membership  1912.  Died  11  March  I960.  Fellow. 

Henry  Bird,  elected  to  Active  Membership  7  December  1914;  transferred  to  Life  Member¬ 
ship  2  February  1920.  Died  1959.  Fellow. 

Harry  E.  Crum,  elected  to  Active  Membership  7  February  1938;  transferred  to  Life  Member¬ 
ship  15  August  1949.  Died  1  April  1955.  Fellow. 

Walter  Deans,  elected  to  Active  Membership  15  February  1945;  transferred  to  Life  Member¬ 
ship  27  January  1949.  Died  6  December  1959. 

Edwin  John  De  Beer,  elected  to  Active  Membership  22  March  1945;  transferred  to  Life 
Membership  7  December  1950.  Died  27  October  1959.  Fellow. 

Ludlow  Griscom,  elected  to  Active  Membership  1  November  1920;  transferred  to  Life 
Membership  29  November  1945.  Died  28  May  1959,  Fellow. 

Bela  Hubbard,  elected  to  Life  Membership  2  October  1922.  Died  4  November  1959.  Fellow. 
James  H.  Hyde,  elected  to  Life  Membership  2  October  1916.  Died  January  1960. 

Martin  W.  Levy,  elected  to  Sustaining  Membership  22  January  1948;  transferred  to  Life 
Membership  9  February  1949.  Died  1959. 

0.  B.  Steinman,  elected  to  Active  Membership  28  April  1949;  transferred  to  Life  Member¬ 
ship  15  December  1950.  Died  21  August  1960.  Fellow.  Councilor  1951—1953;  Presi¬ 
dent  1953;  Past  President  1954—1955, 

Sustaining  Members 

Adolph  William  Brazda,  elected  to  Sustaining  Membership  16  August  1954,  Died  20  May  1959, 
John  A.  Freel,  elected  to  Sustaining  Membership  26  April  1956,  Died  1960, 


Active  Members 

David  Adlersberg,  elected  to  Active  Membership  28  February  1946,  Died  10  January  1960, 
H,  P,  K,  Agersborg,  elected  to  Active  Membership  15  May  1957,  Died  14  January  1960, 
Charles  Leonard  Brown,  elected  to  Active  Membership  15  July  1957,  Died  4  December  1960, 
Oliver  E,  Buckley,  elected  to  Active  Membership  15  September  1953,  Died  14  December 
1959,  Fellow. 

George  F,  Cahill,  elected  to  Active  Membership  22  April  1954,  Died  24  July  1959, 
Fellow, 

Edmund  Carter-Rosenhauch,  elected  to  Active  Membership  25  October  1951,  Died  1959, 

Earl  W.  Cauldwell,  elected  to  Active  Membership  16  August  1954,  Died  1960, 

Charlotte  A.  Colwell,  elected  to  Active  Membership  25  April  1957.  Died  26  June  1960. 

Leo  J.  Corbo,  elected  to  Active  Membership  25  April  1957,  Died  March  1959, 

David  Davidson,  elected  to  Active  Membership  3  April  1939,  Died  2  July  1959, 
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Irmgard  Dresel,  elected  to  Active  Membership  IS  May  1959.  Died  23  July  1959. 

Flanders  Dunbar,  elected  to  Active  Membership  26  April  1945.  Died  21  August  1959, 

Merle  M.  Edgerton,  elected  to  Active  Membership  28  October  1954.  Died  19  August  1959. 
George  M.  Eiaenberg,  elected  to  Active  Membership  25  February  1954.  Died  1959. 

Eric  Ellenbogen,  ellected  to  Active  Membership  26  January  1950.  Died  29  May  I960. 

F.  M.  Falconer,  elected  to  Active  Membership  15  May  1951.  Died  7  March  1959. 

Hermann  O.  L.  Fischer,  elected  to  Active  Membership  15  May  1946.  Died  9  March  1960, 
Fellow. 

George  E.  Flanagan,  elected  to  Active  Membership  28  October  1954.  Died  24  May  1959. 

B.  L.  Frank,  elected  to  Active  Membership  15  May  1956.  Died  2  December  1959. 

Emil  Friedlander,  elected  to  Active  Membership  27  March  1958. 

Harvey  Lewis  Fuller,  elected  to  Active  Membership  26  April  1956.  Died  I960. 

James  L.  Gamble,  elected  to  Active  Membership  20  December  1956.  Died  28  May  1959. 

John  Garb,  elected  to  Active  Membership  20  November  1947.  Died  13  August  1960. 

Myron  Gordon,  elected  to  Active  Membership  25  March  1943.  Died  12  March  1959.  Fellow. 
Thomas  Hulen  Haight,  elected  to  Active  Membership  22  March  1956.  Died  2  September  1959. 

E.  Newton  Harvey,  elected  to  Associate  Membership  1  May  1939;  transferred  to  Active 
Membership  12  May  1943.  Died  October  1959.  Fellow. 

Aaron  Hlmmelsteln,  elected  to  Active  Membership  22  January  1948.  Died  18  December  1959. 
Roland  Hodgson,  elected  to  Active  Membership  19  November  1953.  Died  8  November  1959. 
Julian  L.  Holley,  elected  to  Active  Membership  24  October  1957.  Died  February  1959. 

Robert  L.  Hullinghorst,  elected  to  Active  Membership  20  September  1956.  Died  October  195% 
Ernest  L.  Jackson,  elected  to  Active  Membership  15  July  1957.  Died  14  June  I960. 

H.  Jensen,  elected  to  Associate  Membership  16  May  1939;  transferred  to  Active  Membersh^ 

26  April  1945.  Died  30  September  1959.  Fellow. 

Sigurdur  Jonnson,  elected  to  Active  Membership  15  May  1959.  Died  16  July  1960. 

Kenneth  L.  Jordan,  elected  to  Active  Membership  26  January  1956.  Died  November  1959. 

John  Edgar  Kite,  Jr«  elected  to  Active  Membership  15  August  1959.  Died  29  January  I960. 
Albert  L.  Lamb,  elected  to  Sustaining  Membership  20  December  1956;  transferred  to 
Active  Membership  22  January  1959.  Died  22  November  1959. 

Henry  M.  Lee,  elected  to  Active  Membership  24  March  1949.  Died  June  I960. 

Madge  C.  L.  McGuiness,  elected  to  Active  Membership  15  July  1952.  Died  1959. 

Connolly  James  Malloy,  elected  to  Active  Membership  20 December  1955.  Died  1  February 
I960. 

Edward  Jay  Martone,  elected  to  Active  Membership  19  September  1959.  Died  1960. 

Bruno  Mendel,  elected  to  Active  Membership  27  October  1949.  Died  23  August  1959. 

Delilah  B.  Metz,  elected  to  Active  Membership  26  April  1951.  Died  16  January  1960. 

Milo  G.  Meyer,  elected  to  Active  Membership  15  July  1952.  Died  23  June  1959. 

Richard  B.  Miller,  elected  to  Active  Membership  15  May  1957.  Died  1959. 

Louis  A.Mitchell,  elected  to  Active  Membership  ISSeptember  1955. Died  17january  1960, 
Walter  W.  Naumberg,  elected  to  Sustaining  Membership  25  March  1954;  transferred  toActive 
Membership  22  January  1959.  Died  17  October  1959. 

Gerard  O.  Ocfemia,  elected  to  Active  Membership  20  December  1956.  Died  1  7Novemberl9S9. 
Philip  H.  Paye,  elected  to  Active  Membership  20  November  1958.  Died  November  1959. 

John  M.  Pearce,  elected  to  Active  Membership  27  March  1947.  Died  22  March  1960. 

Louise  Pearce,  elected  to  Active  Membership  24  January  1957.  Died  August  1959. 

Arnold  W.  Pensig,  elected  to  Active  Membership  24  April  1958.  Died  May  1959. 

Ernest  Peter  Pick,  elected  to  Active  Membership  28  February  1946.  Died  15  January  1960, 
Merry  E.  Pittman,  elected  to  Active  Membership  23  April  1959.  Died  26  January  1960. 

Bernard  Proctor,  elected  to  Active  Membership  27  January  1955.  Died  24  September  1959. 
Suzanne  G.  Renard,  elected  to  Active  Membership  22  April  1954.  Died  3  August  1959. 

Alan  H.  Richardson,  elected  to  Active  Membership  18  June  1940.  Died  21  January  1960. 
Charles  C.  Roby,  elected  to  Sustaining  Membership  15  May  1957;  trcuisferred  to  Active 
Membership  26  February  1959.  Died  I960. 

John  William  Saville,  elected  to  Active  Membership  23  September  1954.  Died  12  Sep-  | 
tember  1959, 

Marcel  Schein,  elected  to  Active  Membci  shlp  22  October  1953.  Died  20  February  I960. 
Fellow. 

Herbert  Eugene  Schmitz,  elected  to  Act.We  Membership  23  October  1958.  Died  April  I960. 

Harry  H.  Shapiro,  elected  to  Active  Membership  25  February  1943.  Died  1959.  Fellow. 

Grace  M.  Sickles,  elected  to  Active  Mem‘>ership  20  December  1956.  Died  June  1959. 

William  F.  Skinner,  elected  to  Active  Membership  23  October  1958.  Died  June  1959, 

Herbert  L.  Spencer,  elected  to  Active  Membership  23  January  1958.  Died  29  January  I960. 
William  A.  Starln,  elected  to  Active  Membership  28  March  1957.  Died  6  April  1959. 

Arthur  Steindler,  elected  to  Active  Membership  19  June  1958.  Died  21  July  1959. 

Abraham  Stone,  elected  to  Active  Membership  24  April  1947.  Died  July  1959.  Fellow. 

Nils  Eberhard  Svedelius,  elected  to  Active  Membership  15  July  I960.  Died  2  August  I960. 
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Leo  M.  Taran,  elected  to  Active  Membership  15  November  1951.  Died  10  September  1959. 
Francis  M.  Thurmon,  elected  to  Active  Membership  18  September  1958.  Died  19  October  1959. 
Alexander  Tolstoouhov.  elected  to  Active  Membership  25  February  1943,  Died  9  July  1959. 
Hermann  Vollmer.  elected  to  Active  Membership  28  March  1946.  Died  October  1959. 

Jacob  Weinstein,  elected  to  Active  Membership  13  August  1953.  Died  1960. 

Herbert  Weiss,  elected  to  Active  Membership  24  January  1957.  Died  20  August  1960. 

Charles  F. Wilkinson,  Jr.,  elected  to  Active  Membership  20  December  1955.  Died  29  September 
1959. 

Heinrich  F.  Wolf,  elected  to  Active  Membership  14  September  1951.  Died  12  May  1959. 
Gregory  Zilboorg,  elected  to  Sustaining  Membership  24  April  1958;  transferred  to  Active 
Membership  18  December  1958.  Died  13  May  1958. 


Report  of  the  Publications  Committee  on  the  Status  of  Publications 

During  the  fiscal  year  ending  October  31,  1960,  The  New  York  Academy  of 
Sciences  has  published  39  monographs  in  the  Anna/s,  comprising  a  total  of  7,304 
pages.  Included  in  these  are  618  papers  by  1,012  authors.  The  pagination  of  the 
Transacfions  (705)  artd  two  Porto  Rico  publications  (181)  brings  the  total  pagi¬ 
nation  issued  to  8,190  pages. 

The  list  of  publications  issued  during  the  fiscal  year  is  as  follows: 


Annals 

Volume  79,  Article  10.  Biology  of  the  Plettropneumoniallke  Organlema  (60  papers)  by 
John  B.  Nelson  at  af.  Pages  305—758.  Published  January  15,  1960. 

Volume  79,  Article  11.  Molten  Salta  (24  papers)  by  Benson  R.  Sundheim  at  at.  Pages 
761—1098.  Published  January  30,  1960, 

Volume  83,  Article  2.  The  Vagina  (25  papers)  by  Warren  R.  Lang  at  al.  Pages  77—358. 
Published  November  18,  1959. 

Volume  83,  Article  3.  Hair  Growth  and  Hair  Regeneration  (15  papers)  by  Irwin  I.  Lubowe 
et  af.  Pages  359—512.  Published  November  20,  1959. 

Volume  83,  Article  4.  Inactivation  of  Virueea  (20  papers)  by  Ernest  C.  Pollard  at  al. 
Pages  5 13— 760.  Published  J anuary  13,  1960. 

Volume  83,  Article  5.  Social  and  Cultural  Plurallem  In  the  Caribbean  (18  papers)  by 
Vera  Rubin  et  af.  Pages  761—916.  Published  January  20,  1960. 

Volume  84,  Article  1.  The  Organisation  of  The  New  York  Academy  of  Sciencea,  Ita  In¬ 
corporation,  Ita  Amended  Charter,  Ite  Constitution  and  Bytawa  (1  paper).  Revised  to 
November  22,  1959.  Emerson  Day,  Recording  Secretary.  Pages  1—27.  Published  J  anuary 
22,  1960. 

Volume  84,  Article  2.  Bioengineering  Problema  In  Early  Harmed  Space  Flight  (1  paper) 
by  Richard  W.  Lawton  et  al.  Pages  29—74.  Published  February  26,  1960. 

Volume  84,  Article  3.  The  Correlation  of  Hinged  Four-Bar  Stralght-Llne  Motion  Devices 
by  Means  of  the  Roberta  Theorem  and  a  New  Proof  of  the  Later  (1  paper)  by  A,  E. 
Richard  de  Jonge.  Pages  75—145.  Published  March  18,  1960. 

Volume  84,  Article  4.  The  Organisation  of  Peychlatric  Care  and  PaychJatrie  Research 
In  the  Union  of  Soviet  Soclallat  Republica  (1  paper)  by  Nathan  S.  Kline.  Pagea  147—224. 
Published  April  22,  1960. 

Volume  84,  Article  5.  A  Mew  Method  for  Cytological  Diagnoala  of  Pulmonary  Cancer 
(1  paper)  by  Ludwig  von  Bertalanffy  and  Felix  D.  Bertalanffy.  Pagea  225—238. 
Published  April  29,  1960. 

Volume  84,  Article  6.  The  Kinetics  of  Reactions  at  Changing  Temperature  (1  paper)  by 
C.  Olin  Ball.  Pages  239-250.  PubUshed  May  2,  1960. 

Volume  84,  Article  7,  Diffusion  Behavior  of  Superaaturated  Binary  Solutions  (1  paper) 
by  Jacob  Macw  and  Turner  Alfrey,  Jr.  Pages  251—284.  Published  June  24,  1960. 

Volume  84,  Article  8,  A  Petrologic  Investigation  of  the  Manlius  and  Coeymana  Limestones 
(1  paper)  by  Franklin  W,  Fessenden,  Pages  285—302.  Published  June  24,  1960. 

Volume  84,  Article  9.  The  Lack  of  Bearing  Contact  and  the  Problem  of  Weightleaaneaa: 
The  Effect  of  Past  Experiences  on  Human  Performance  on  a  Free-Rotating,  Low- 
Frlctlon  Turntable  (1  paper)  by  Harry  L.  Jacobs.  Pages  303—328.  Published  Sep¬ 
tember  30,  1960. 

Volume  84,  Article  10.  A  Review  of  the  Genua  Paratylenchua  Mlcoletsky,  1922  (Para- 
tylenchlnae:  Namatoda)  with  a  Description  of  Two  New  Species  (1  paper)  by  A.  C. 
Tarjan.  Pages  329—390.  Published  September  30,  1960. 

Volume  84,  Article  11.  Pathogenesis  of  Infections  of  the  Adrenal  Gland  Leading  to 
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Addison^B  Diaeaae  in  Man:  The  Role  of  Corticoida  in  Adrenal  and  Generalixed  Irh 
faction  (1  paper)  by  J.  K,  Frenkel.  Pages  391—440.  Published  October  7,  i960. 
Volume  84,  Article  12.  Beat  Temperature  Profilea  in  Plug~Flow  Reactors;  Methodaol 
the  Calculua  of  Variationa  (1  paper)  by  Stanley  Kata.  Pages  441—478.  Published 
October  7,  1960, 

Volume  84,  Article  13.  The  Develofment  of  Sony  Pelvic  Sexual  Dimorphiam  in  Mice  (1 
paper)  by  E.  S.  Crelin.  Pages  479—512.  Published  October  21,  I960. 

Volume  84,  Article  14.  The  Comperative  Cytological  Effects  of  Several  Alkylating  Agenta 
on  Human  .Vormal  and  Seoplaatic  Celia  in  Tissue  Culture  (1  paper)  by  Jewel  Plummer 
Cobb.  Pages  513—542.  Published  October  26,  1960. 

Volume  84,  Article  15.  A  Giant  Step  Forward  In  Oacillography  (1  paper)  by  Alonzo  R, 
Parsons.  Pages  543—572.  Published  October  26,  1960, 

Volume  85,  Article  1.  The  Metabolism  .o/  Oral  Tissues  (35  papers)  by  Philip  Person  etal. 
Pages  1—499.  Published  March  29,  1960. 

Volume  85,  Article  2.  Freezing  and  Drying  of  Biological  Materials  (16  papers)  by  Harold 
T.  Meryman  et  al.  Pages  501—734.  Published  April  13,  1960. 

Volume  85,  Article  3.  Care  and  Diseases  of  the  Research  Monkey  (26  p^ers)  by  Robert 
M.  Sauer  et  al.  Pages  735-992,  Published  May  12,  1960, 

Volume  86,  Article  1.  .Vonnarcotic  Drugs  for  the  Relie/  of  Pain  and  Their  Mechanism  ol 
Action  (29  papers)  by  ank  M.  Berger  et  al.  Pages  1—310.  Published  March  30,  1960. 
Volume  86,  Article  2,  Modem  Concepts  of  Thyroid  Physiology  (23  papers)  by  Rulon  W, 
Rawson  et  al.  Pages  311—676.  Published  April  23,  1960. 

Volume  86,  Article  3.  .Vumerical  Properties  of  Functions  of  More  Than  One  Independent 
Variable  (10  pages)  by  Henry  C,  Thacheret  al.  Pages  677—874.  Published  May  25,  1960. 
Volume  86,  Article  4.  Connective  Tissue  and  Diseases  of  Connective  Tissue  (20  papers) 
by  Bernard  M.  Wagner  et  al.  Pages  875—1132.  Published  June  30,  1960. 

Volume  87,  Article  1.  Fourth  Tissue  Homotransplantation  Conference  (49  papers)  by 
John  M.  Converse  et  al.  Pages  1—607,  Published  May  31,  1960, 

Volume  87,  Article  2.  Automatic  Chemical  Analysis  (30  papers)  by  Ralph  H.  Muller 
et  al.  Pages  609—951..  Published  July  22,  1960, 

Volume  88,  Article  1.  The  Reticuloendothelial  System  (RES)  (23  papers)  by  John  H. 

Heller  et  al.  Pages  1—280.  Published  June  21,  I960. 

Volume  88,  Article  2.  Chelation  Phenomena  (24  papers)  by  Jerome  F.  Frederick  et  al. 
Pages  281—532.  Published  August  18,  I960. 

Volume  88,  Article  3.  Amino  Acids,  Peptides,  and  Proteins  (19  papers)  by  Karl  Folkers 
et  al.  Pages  533—770,  Published  August  31,  1960. 

Volume  88,  Article  4.  New  Diuretics  and  Antihypertensive  Agents  (23  papers)  by  Arthur 
Grollman  et  al.  Pages  771-1020.  Published  October  11,  1960. 

Volume  89,  Article  1.  Second  Conference  on  Medical  Mycology  (27  papers)  by  Chester  W, 
Emmons  et  al.  Pages  1—282.  Published  August  27,  1960. 

Volume  89,  Article  2.  The  Actinomycins  and  Their  Importance  in  the  Treatment  of  Tumora 
in  Animals  and  Man  (21  papers)  by  Selman  A.  Waksman  et  al.  Pages  283 — 486.  Pub¬ 
lished  October  5,  1960, 

Volume  89,  Article  3.  Aspects  oI  Insect  Endocrinology  (6  papers)  by  Dietrich  Bodensteln 
et  al.  Pages  487—572.  Published  October  21,  1960, 

Volume  90,  Article  1.  Cardiovascular  Effects  of  Nicotine  and  Smoking  (37  papers)  by 
McKeen  Cattell  et  al.  Pages  1—344,  Published  September  27,  1960. 

Volume  90,  Article  2.  Second  Conference  on  the  Mechanisms  oI  Cell  Division  (24  papers) 
by  Paul  R.  Gross  et  al.  Pages  345—613.  Published  October  7,  1960. 

In  addition  to  the  publications  cited  above,  the  following  monographs  were 
published  in  the  Annals  during  November  1960,  after  the  close  of  the  fiscal 
year: 

Volume  90,  Article  3.  Biochemistry  and  Pharmacology  of  Compounds  Derived  from  Marine 
Organisms  (31  papers)  by  Ross  F.  Nigrelli  et  al.  Pages  615—950,  Published  Noveml;?: 
17,  1960, 

Volume  88,  Article  5.  Biochemical  Aspects  oI  Microbial  Pathogenicity  (31  papers) 
by  Werner  Braun  et  al.  Pages  1021—1318,  Published  November  21,  1960. 

Volume  84,  Article  16.  Deuterium  Isotope  Effects  in  Chemistry  and  Biology  (23  papers) 
by  David  Kritchevsky  et  al.  Pages  573—781,  Published  November  25,  1960 

Scheduled  for  publication: 

Volume  84,  Article  17.  Culture,  Society,  raid  Health  (29  pikers)  by  Vera  Rubin  et  ol* 
Pages  783-1060.  December,  I960. 

The  number  of  pages  of  the  four  monographs  listed  above  totals  1127,  This 
figure  will  be  included  in  the  pagination  for  the  fiscal  year  1960-  1961. 
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Annals  in  Press 

FiMidammtale  ol  Paycholoty;  The  Peychology  ot  Thinking  (13  papers)  by  Ernest  Harms 
et  al.  Awaiting  page  proof. 

Mianan  Declalona  In  Complex  Syatema  (12  papers)  by  Warren  S.  McCulloch  at  Awaiting 
page  proof. 

Thermodynamic  a  and  Mechanics  ol  Polymer  Syatema  (6  papers)  by  Frederick  R.  Elrlch 
at  al.  Awaiting  page  proof. 

Qeochronology  ol  Rock  Syatema  (59  papers)  by  J.  Laurence  Kulp  et  al.  In  galley  proof. 
Annals  Being  Edited 

Vitamin  C  by  J.  J.  Bums  et  al. 

Pavlovlan  Conference  on  Higher  Hervoaa  Activity  by  Nathan  S.  KUne  et  al. 


Transactions 

Series  U,  Volume  22,  Number  1  to  8,  consisting  of  705  pages,  covering  the 
period  from  November  1959  to  June  1960,  inclusive,  was  completed,  printed, 
and  distributed  during  the  calendar  year. 

Scientific  Survey  ot  Porto  Rico  and  the  Virgin  Islands 

Volume  XVII,  Part  2.  DIgenetic  Trematodea  ot  Puerto  Rican  Shore  Birds  (1  paper)  by 
Raymond  M.  Cable  et  at.  Published  June  9,  1960. 

Volume  XVII,  Part  3.  Digenetic  Trematodea  ot  Marine  Flahea  ol  Puerto  Rico  (1  paper)  by 
Ather  H.  Siddlqi  and  Raymond  M.  Cable.  Published  July  15,  1960. 

From  November  1,  1960,  to  October  31,  1960,  the  Academy  distributed 
1,545,812  separate  publications,  including  reprints,  of  the  various  series  as 
follows: 

Distribution  of  Publications 
11/1/59  to  10/31/60 


Annals 

Members . 

Gratis:  Authors,  reviews,  exchanges  and  honors  .  .  , 

Sales . 

Authc^s*  reprints . 

Transactions 

Members . 

Gratis:  Authors,  reviews,  exchanges  and  honors  .  .  < 

Sales . 

•\uthors’  reprints . . 

Special  Publications,  Volumes  I,  III,  IV,  V 

Sales . 

Scientific  Survey  ot  Porto  Rico  and  The  Virgin  Islands 

*  Sales . . 

monthly  Programs 

Members . 

Sales . 

Gratis :  Individuals . 

Miacellaneous  Papers 

Sales . 


171,698 

27,729 

109,326 

823,304 

120,059 

4,874 

3,931 

12,800 


122,498 

250 

2,570 


Sales .  145,781 

1,545,812 

In  addition  to  sales,  the  total  list  value  of  those  publications  distributed  to 
the  members  and  gratis  to  authors,  donors,  reviews  and  exchange  institutions 
is  $748,660.02. 
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TRANSACTIONS 


Election  of  Fellows  and  Honorary  Life  Members 
The  following  Members  were  elected  to  Fellowship; 


Aginsky,  Ethel  G.,  Ph.D. 

Anton,  Nicholas  Guy 
Astrup,  Tage,  O.Sc. 

Axelrod,  A.  E.,  Ph.D. 

Baruch,  Jordan  J.,  Sc.D. 

Beck,  Lawrence  T.,  C.E. 

Becker,  Ernest  L,  Ph.D. 

Berdick,  Murray,  M.S. 

Bergstrom,  Sune,  M.D. 

Bernard,  Jean,  M.D. 

Bien,  Saul  M.,  D.D.S. 

Blackburn,  Charles  R.B. 

Blank,  Irvin  H.,  Ph.D. 

Bohrer,  John  J.,  Ph.D, 

Borman,  Aleck,  Ph.D. 

Boyd,  William  A.,  M.S. 

Brewer,  John  H.,  Ph.D. 

Brodie,  Bernard  B.,  Ph.D. 

Brozek,  Josef.,  Ph.D. 

Brues,  Austin  M.,  M.D. 

Burch,  Helen  B.,  Ph.D. 

Burchard,  Edward  M.L. 

Cantero,  Antonio,  M.D. 
Caspersson,  Torbjom  O.,  M.D. 
Choppin,  Purnell  W.,  M.D. 
Cliffton,  Eugene  E.,  M.D. 

Cohn,  Melvin,  Ph.D. 

Cotzias,  George  C.,  M.D. 
Cumming,  Neville  W. 

DeCoursey,  Elbert,  M.D. 

DeGoes,  Paulo,  M.D. 

Denues,  Arthur  R.  T.,  Ph.D. 

De  Robertis,  Eduardo  D.  P.,  M.D. 
Desmond,  Thomas  C.,  L.H.D. 
Easterday,  Otho  Dunreath,  M.S. 
Eisler,  Milton,  Ph.D. 

Emge,  Ludwig  A.,  M.D. 

Farber,  Seymour  M.,  M.D. 

Farr,  Wanda  K.,  M.A. 

Feldman,  Michael  Ph.D. 

Finch,  Clement  A.,  M.D. 

Florey,  M.  Ethel,  M.D. 

Forsham,  Peter  H.,  M.D. 

Fortner,  Joseph  C.,  M.D. 

Gaddum,  John  Henry,  F.R.S. 
Garattini,  Silvio,  M.D. 

Gamer,  Raymond  L.,  Ph.D. 
Gaughran,  Eugene  R.  L.,  Ph.D. 
Gey,  George  O.,  M.D. 

Goddard,  David  R.,  Ph.D. 
Goldberg,  Albert  L,  Ph.D. 


Kussman,  Abraham  S.,  M.S. 
LaCroix,  J.  V.,  D.V.M. 

Land,  Edwin  H.,  Sc.D. 

Landau,  Ralph,  Sc.D. 

Laufer,  Hans,  M.A. 

Leake,  Chauncey  D.,  Ph.D. 
LeCompte,  Philip  M.,  M.D. 
Lederberg,  Joshua,  Ph.D. 

Lee,  Johanna  M.,  Ph.D. 

Leone,  Charles  A.,  Ph.D. 
Lessler,  Milton  A.,  M.S. 

Levy,  David  M.,  M.D. 

Magdoff,  Beatrice  S.,  Ph.D. 

Mann,  George  V. 

May,  Charles  Davidson,  M.D. 
Medici,  Paul  T.,  M.S. 

Mellon,  M.  G.,  Ph.D. 

Miller,  Mary  L.,  Ph.D. 

Millman,  Nathan,  M.S. 

Minsky,  Marvin  Lee,  Ph.D. 
Montgomery,  P.  O’B.,  M.D. 
Morris,  Mark  L.,  D.V.M. 

Moss,  N.  Henry,  M.D. 

Murray,  T.  J.,  M.S. 

Myers,  Raymond  R.,  Ph.D. 

Nasini,  Antonio  G.,  Ph.D. 
Natelson,  Samuel,  Ph.D. 

Olson,  Robert  E.,  M.D. 

Pace,  Donald  M.,  Ph.D. 

Peifer,  James  J.,  B.S. 

Perlman,  Preston  L.,  Ph.D. 
Person,  Philip,  D.D.S. 

Philipson,  Carl  Lennart,  M.D. 
Pierce,  Harold  B.,  Ph.D. 

Popper,  Hans,  M.D. 

Poshkus,  Algirdas  C., 

Rei^ini,  Nicholas  Reitinis,  Ph.D. 
Reppe,  Walter  Ph.D. 

Rieman,  William,  m,  Ph.D. 

Riess,  Bernard,  Ph.D. 

Riley,  Vernon,  ivs.Sc.  ‘ 

Rochow,  Theodo.'e  G.,  Ph.D.' 
Roth,  Jay  S.,  Ph.D. 

Rytand,  David  A.,  M.D. 

Sadron,  Charles  L.,  D.Sc. 
Schlesinger,  R.  Walter,  M.D. 
Schneider,  Howard  A.,  Ph.D. 
Schneiderman,  Howard  A.,  Ph.D. 
Schultz,  Edwin  William,  M.D. 
Schulz,  Gunther  Viktor,  Ph.D. 
Schwartz,  Morton  A.,  Ph.D. 
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Goodwin,  John  T.,  Jr.,  Ph.D. 

Gordon,  Helmut  Albert,  M.D. 

Green,  D.  F,,  Ph.D. 

Greenberg,  Sylvia  S.,  M.S. 

Greenspan,  Ezra  M.,  M.D. 

Grishman,  Arthur,  M.D. 

Harris,  Robert  S.,  Ph.D. 

Harte,  Robert  A.,  B.S. 

Hayden,  Arthur  G.,  Sc.D. 

Hazen,  Richard,  M.S. 

Hegsted,  David  Mark,  Ph.D. 

Hermans,  J.  J,,  Ph.D, 

Heyman,  Moses  D.,  M.E. 

Hiatt,  Caspar  W.,  Ill,  Ph.D. 

Hilleman,  Maurice  R.,  Ph.D. 

Hoffman,  Howard  E.,  Ph.D. 

Honig,  J.  M.,  Ph.D. 

Horwitt,  Max  K.,  Ph.D. 

Howard,  Hartley  W.,  Ph.D. 

Jensen,  Dorothy  Cross,  Ph.D. 

Kassel,  Robert  L.,  M.S. 

Katz,  Stanley  S.,  M.A. 

Kaunitz,  Hans,  M.D. 

Kavanagh,  Thomas  C.,  Sc.D. 

Kayan,  Carl  F.,  M.E. 

Kennedy,  John  Lyon,  Ph.D. 

King,  William  J.,  Ph.D. 

Kinosita,  Riojun,  M.D. 

Knudsen,  Charles  G.,  M.A. 

Korf,  Richard  P.,  Ph.D. 

Kroc,  Robert  L.,  Ph.D. 

Honorary  Life  Memberships  were 
scientists: 


Serfass,  Earl  J.,  Ph.D. 

Shaw,  Elliot,  Ph.D, 

Siegel,  Charles  D.,  B.A. 

Sinkoff,  Marvin  Wolfe,  M.D. 

Sinsheimer,  Robert  L.,  Ph.D. 

Skeggs,  Leonard  T.,  Ph.D. 

Skelly,  Joseph  F.,  M.S. 

Smithburn,  Kenneth  C.,  M.D. 

Sobel,  Harry,  Ph.D. 

Southam,  Chester  M.,  M.D. 

Speirs,  Robert  S.,  Ph.D. 

Stakman,  E.  C.,  Ph.D. 

Stannett,  Vivian  Thomas,  Ph.D. 
Steigman,  Joseph,  Ph.D. 

Stewart,  John  Morrow,  Ph.D. 

Stone,  Clement  A.,  Ph.D. 

Strauss,  Ulrich  Paul,  Ph.D. 

Swanson,  Pearl  P.,  Ph.D. 

Taylor,  Harriett  E.,  Ph.D. 

Taylor,  M.  Wight,  Ph.D, 

Van  Wazer,  John,  Ph.D, 

Vlavianos,  George  John,  M.D. 

Weintraub,  Marvin,  Ph.D. 

Wenner-Gren,  Axel  L.,  Ph.D. 
Wessely-Kamegg,  Friedrich,  Ph.D. 
Westphal,  Otto,  Dr.Sc. 

White,  John  I.,  B.S. 

Wilde,  Charles  E.,  Jr.,  B.A. 

Wollman,  Leo,  M.D. 

Wroblewski,  Felix,  M.D. 

Zeuthen,  Erik,  Ph.D. 

conferred  upon  the  following  eminent 


Buchner,  Franz,  Ludwig  Aschoff  Haus,  The  Pathological  Institute,  University 
of  Freiburg,  Freiburg  i.  Breisgau,  Germany. 

Dodds,  Sir  Edward  Charles,  University  of  London,  London,  England. 

Lovell,  Alfred  Charles  Bernard,  Manchester  University,  Jodrell  Bank  Experiment 
Station,  Holmes  Chapel,  Crewe,  Cheshire,  England. 

Netta,  Giulio,  Institute  of  Industrial  Chemistry,  Polytechnic  Institute  of  Milan, 
Italy. 

Trillat,  J.  J.,  National  Center  for  Scientific  Research,  Paris,  France. 


Election  of  Officers 
REPORT  OF  THE  TELLERS 

The  Committee  on  Organization  and  Rules  served  as  Tellers  to  count  the 
ballots  for  the  election  of  Members  of  the  Board  of  Trustees,  Officers  and 
other  Members  of  the  Council,  and  for  the  election  of  Officers  of  the  Sections 
and  Divisions  to  serve  for  the  year  1961,  report  herewith  that  the  names  on  the 
Official  Ballot,  as  printed  and  distributed,  were  elected  by  the  votes  of  2,496 
valid  ballots  returned  by  the  Membership. 
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The  Officers  thus  chosen  by  the  Membership  of  the  Academy  for  the  year 
1961,  are  as  follows: 


Board  of  Trustees,  Class  of  1961*1964 


Gordon  y.  Billard 


Boris  Pregel 


Scientific  Council 
Pres  iden  t-e  lect 

James  b.  Allison 


Vice-Prer.i  dent 


Emerson  day 

Recording  Secretary 
Karl  Maramorosch 

Councilors 

JACOB  Feld 


Charles  w.  mushett 

Corresponding  Secretary 
Ross.  F.  Nigrelli 

(1961-1963) 

Andres  Ferrari 


Chairmen  and  Vice  Chairmen  of  the  Sections  and  Divisions 

Section  of  biological  and  Medical  sciences 
Charles  R.  Noback,  Chairman  Preston  L.  Perlman,  Vice-Chairmen 

Division  of  Anthropology 

Ethel  Boissevain,  Chairman  Robert  Heckel,  Vice-Chairman 

Division  of  Instrumentation 

Andres  Ferrari,  Chairman  Walter  E.  Tolies,  Vice-Chairman 

Division  of  Mycology 

Emanuel  Grunberg,  Chairman  H.  Christine  Reilly,  Vice-Chairman 

Division  of  Psychology 

Louis  W.  Max,  Chairman  George  K.  Bennett,  Vice-Chairman 

Section  of  chemical  Sciences 

Frederick  R.  Eirich,  Chairman  A.  D,  Shabica,  Jr.,  Vice-Chairman 

Division  of  Biochemistry 

Raymond  L.  Gamer,  Chairman  J.  J.  Bums,  Vice-Chairman 

Section  of  geological  Sciences 
R.  W.  Fairbridge,  Chairman  Bartholomew  Nagy,  Ffce-Chairman 

Division  of  Oceanography  and  Meteorology 
Charles  Knudsen,  Chairman  James  K.  McGuire,  Vice-Chairman 

SECTION  OF  PHYSICAL  SCIENCES 

Hiram  Hart,  Chairman  Robert  D.  Hatcher,  Vice-Chairman 

Division  of  Engineering 

Jacob  Feld,  Chairman  Joseph  F,  Skelly,  Vice-Chairman 
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Division  of  Mathematics 

Bradford  F.  Hadnot,  Chairman  Mary  P,  Dolciani,  Vice-Chairman 


Awards  for  1960 

(1)  The  A,  Cressy  Morrison  Awards  in  Natural  Science,  After  careful  con* 
sideration  and  comparison  of  the  four  eligible  papers  presented  this  year,  the 
Committee  unanimously  voted  the  following  award  as  the  only  entry  completely 
fulfilling  the  conditions  for  competition  for  these  awards; 

An  award  of  $400  and  citation  to  the  paper  entitled  n-Complex  Mechanisms 
of  Catalysis:  The  Aryl  Coupling  Reaction,  by  Minoru  Tsutsui,  Research  Divi¬ 
sion,  College  of  Engineering,  New  York  University,  New  York,  N.  Y. 

(2)  The  D,  B,  Steinman  Award  for  Research  in  Structural  Engineering.  After 
careful  consideration,  this  award  of  $500  is  awarded  to  the  paper  entitled 
Vertical  Take-Off  and  Landing  (VTOL)  Rotorless  Aircraft  with  Inherent  Sta¬ 
bility,  by  I.  B.  Laskowitz,  Laskowitz  Helicopter  Company,  Inc.  Brooklyn,  N.  Y. 

No  papers  were  received  for  The  Boris  Pregel  Award  in  The  Field  of  Natural 
Radioactive  Substances, 


Abstracts  of  1960  Award  Papers 

tt-COMPLEX  mechanisms  of  CATALYSIS: 

THE  ARYL  COUPLING  REACTION 

Minor!  Tsutsui* 

Accorded  an  A,  Cressy  Morrison  Award  in  Natural  Sciences,  1960 

It  is  concluded  that  a  divalent  diaryl  transition  metal  forms  in  the 
first  stage  of  the  reaction  of  an  aryl  Grignard  reagent  and  a  divalent 
transition  metal  halide.  In  the  second  stage  of  such  a  coupling  reaction, 
the  diaryl  metal  rearranges  to  a  rr-radical  hybrid,  a  transition  state, 
which  may  then  be  stabilized  as  a  diradical  sandwich  m-complex,  an 
intermediate  of  the  reaction,  if  the  electron  configuration  is  similar  to 
that  seen  with  chromium.  Increase  of  the  stability  of  a  m-radical  hybrid 
by  the  assumption  of  an  electron  configuration  close  to  that  of  an  inert 
gas  diminishes  the  efficiency  of  the  metals  as  catalysts,  particularly  in 
the  catalytic  coupling  reaction.  The  divalent  metal  is  reduced  at  this 
point  to  the  zerovalent  state.  The  essential  requirement  of  either  a 
stoichiometric  or  a  catalytic  coupling  reaction  is  m-radical  hybridization, 
a  transition  state  in  the  rearrangement  of  the  diaryl  metal.  If  the  aryl 
group  has  no  chance  to  form  such  a  m-radical  hybrid,  coupling  will  be 
negligible. 

*R*Bearch  Division,  College  of  Engineering,  New  York  University,  New  York,  N.  Y. 
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VERTICAL  TAKE-OFF  AND  LANDING  (VTOL)  ROTORLESS  AIRCRAFT 
WITH  INHERENT  STABILITY 

1.  B.  Laskowitz* 

Accorded  a  D,  B,  Steinman  Award  for  Research  in  Structural  Engineering 


Propulsion  systems  for  helicopters  and  rotorless  vertical  take-off  and 
landing  (VTOL)  aircraft  are  discussed.  The  application  of  the  turbojet 
engine  to  conceptional  rotorless  VTOL  aircraft  of  1,800  lb.  and  18,000 
lb.  gross  weight  is  described,  and  anticipated  performance  curves  in 
hovering  and  forward  flight  up  to  Mach  2  speed  are  shown.  The  advantages 
of  the  turbofan  engine  and  the  turbojet  engine  with  “ejector  effect”  for 
improved  performance  are  described.  Stability  and  control  of  the  VTOL 
aircraft  are  discussed  as  well  as  their  inherent  (hands-off-control  stick) 
stability  under  all  flight  conditions.  Simple  experimental  models  to  test 
principles  with  “ejector  effect”  and  “ground  effect”  are  described.  It 
is  indicated  that  the  VTOL  concept  has  considerable  military  and  com¬ 
mercial  application. 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 
announces 

THREE  SCIENTIFIC  AWARDS  FOR  1961 


The  New  York  Academy  of  Sciences  announces  the  following  three  awards  for 
the  year  1961, 

L  THE  A.  CRESSY  MORRISON  AWARDS  IN  NATURAL  SCIENCE 

Two  awards  of  $400  each,  to  be  known  as  THE  A.  CRESSY  MORRISON 
AWARDS  IN  NATURAL  SCIENCE,  will  be  announced  at  the  Annual  Meeting  of 
The  New  York  Academy  of  Sciences  in  December  1961  for  the  two  most  accept¬ 
able  papers  in  a  field  of  science  covered  by  the  Academy. 


ni.  THE  BORIS  PREGEL  AWARD  IN  THE  FIELD  OF  NUCLEAR  PHYSICS  AND 
ENGINEERING 

Through  the  generosity  of  Dr.  Boris  Pregel,  an  award  of  $500  is  offered  for 
the  most  acceptable  paper  embodying  the  results  of  research  in  the  field  of 
nuclear  physics  and  nuclear  engineering  received  during  the  year  1961.  An¬ 
nouncement  of  this  award  will  be  made  at  the  Annual  Meeting  of  the  Academy  in 
Decent)  er  1961. 

*Laakowitz  HeUcopter  Company,  Inc.,  Brooklyn,  N.  Y. 
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CONDITIONS  GOVERNING  THESE  AWARDS 

(1)  Eligibility,  Authors  and  co-authors  applying  for  awards  I  and  n  shall  be 
members  in  good  standing  of  The  New  York  Academy  of  Sciences,  but  nonmembers 

;  may  become  eligible  by  joining  the  Academy  before  the  closing  date. 

Ail  scientists  engaged  in  research  in  the  field  of  nuclear  physics  and  nu¬ 
clear  engineering  may  make  application  for  award  m. 

(2)  Date,  Papers  may  be  submitted  on  or  before  September  15,  1961  to  the 
Executive  Director  of  The  New  York  Academy  of  Sciences,  2  East  Sixty-third 
Street,  New  York  21,  N.  Y. 

(3)  Papers,  All  papers  submitted  must  embody  the  results  of  original  re¬ 
search. 

Members  of  the  Academy  have  the  privilege  of  submitting  papers  not  pre¬ 
viously  published. 

All  unpublished  papers  submitted  shall  be  typewritten,  double-spaced  on 
bond  paper,  in  English,  and  accompanied  by  all  necessary  photographs,  draw¬ 
ings,  diagrams,  and  tables;  shall  be  ready  for  publication;  and  must  be  accom¬ 
panied  by  a  summary  of  the  data  presented  and  the  conclusions  reached. 

Chairmen  and  authors  presenting  papers  at  conferences  have  the  privilege  of 
submitting  such  papers  whether  these  papers  are  as  yet  unpublished  or  have 
been  published  in  any  of  the  publication  series  of  the  Academy,  provided  that 
publication  has  occurred  not  more  than  two  years  prior  to  the  closing  date  of  the 
award  competition  to  which  entry  is  being  made.  Such  papers  may  be  submitted 
for  competition  either  by  the  Conference  Chairman,  by  the  specific  authors,  or 
by  any  Member  of  the  Academy  recognizing  the  merit  of  such  paper, 

(4)  Awards,  The  awards  shall  be  made  by  the  Scientific  Council  of  The  New 
York  Academy  of  Sciences,  and  its  decisions  shall  be  final. 

(5)  Publication,  The  Academy  shall  have  the  first  option  on  the  publication 
of  all  unpublished  papers  submitted,  but  such  publication  is  not  binding  on  the 
Academ  y. 

(6)  In  the  case  of  an  unpublished  paper  receiving  an  award,  such  paper 
wherever  and  whenever  published  shall  be  accompanied  by  one  of  the  two  follow- 
statements: 

)  Under  awards  I  and  n,  "Accorded  an  A.  Cressy  Morrison  Award  in  Natural 
Science  in  1961  by  The  New  York  Academy  of  Sciences;” 

Under  award  III,  “Accorded  a  Boris  Pregel  Award  for  Research  in  Nuclear 
Physics  and  Nuclear  Engineering  in  1961  by  The  New  York  Academy  of  Sciences.” 

Such  a  statement,  in  substance,  must  also  accompany  any  formal  publicity 
initiated  by  the  author  regarding  the  award  paper.  If  published  elsewhere  with 
the  consent  of  The  New  York  Academy  of  Sciences,  six  copies  of  each  award 
paper  must  be  deposited  shortly  after  publication  with  the  office  of  The  New 
York  Academy  of  Sciences, 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 
2  East  Sixty-third  Street 
New  York  21,  N.  Y. 


Eunice  Thomas  Miner 
Executive  Director 
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PROGRAM  OF  THE  EVENING 
After  the  Business  Meeting  the  following  program  was  given; 

EXPLORING  LIVING  CELLS  BY  MICROSURGERY* 

M.  J.  Kopac 

Retiring  President,  The  New  York  Academy  of  Sciences,  New  York,  N.  Y, 

and 

Professor  of  Biofogy,  Graduate  School  of  Arts  and  Science, 

New  York  University,  New  York,  N,  Y, 

The  exploration  of  living  cells  by  microsurgery  presents  many  in* 
triguing  problems.  First,  cells  are  so  small  that  they  must  be  magnified 
from  100  to  2,000  times  in  order  that  all  relevant  structural  details  can 
be  properly  seen.  Then,  cells  are  delicate  structures  and  must  be  handled 
with  extreme  care.  They  must  be  maintained  in  the  proper  environment, 
usually  a  solution  of  several  salts  in  the  right  proportion  and  concen* 
tration.  Temperatures  must  be  maintained  within  narrow  limits.  Further¬ 
more,  cells  are  constantly  changing  so  that  the  structures  and  dynamics 
of  a  cell  in  one  instant  may  be  strikingly  different  from  the  same  cell  in 
another  instant.  Time  is  so  important  to  cells  that  this  factor,  quite 
properly,  is  the  fourth  dimension  of  life. 

Obviously,  if  one  is  to  perform  microsurgery  on  cells,  the  surgical 
instruments  should  be  much  smaller  that  the  cells,  and  one  must  position 
the  surgical  instruments  in  the  cell  with  great  precision  and  delicacy  to 
avoid  excessive  injury  to  the  cell.  The  minuteness  of  the  cells,  and 
especially  the  susceptibility  of  their  nuclei  to  injury,  has  required  the 
design  of  entirely  new  procedures  in  microsurgery. 

Advances  in  this  field  of  research  have  been  made  possible  through 
the  development  of  complex  mechanical  devices  by  which  microsurgical 
instruments  (extremely  minute  glass  needles,  pipettes,  hooks,  scalpels, 
scissors,  and  forceps)  are  placed  into  a  cell  so  that  the  proper  operation 
can  be  performed.*  With  these  highly  precise  mechanical  devices,  known 
as  micromanipulators,  one  can  insert  a  needle  or  a  pipette  into  a  cell 
with  delicacy  so  exquisite  and  precise  that  a  part  of  a  cell  or  a  nucleus 
can  be  removed  and  implanted  into  another  cell  or  nucleus.*'* 

Ways  and  means  for  handling  and  measuring  small  volumes  of  liquid 
also  had  to  be  developed.  This  situation  led  to  the  design  and  construc¬ 
tion  of  microinjectors  which  can  measure  or  control  volumes  of  less  than 
1  fifiU*  A  micromicroliter  would  be  the  volume  of  a  drop  of  water  divided 
approximately  50,000,000  times! 

Along  with  the  development  of  highly  sophisticated  micromanipula¬ 
tors  and  microinjectors,  there  has  been  the  parallel  development  of  optics 


*ThiB  lecture^  presented  at  the  Annual  Meeting  on  December  1,  1960,  was  illustrated 
by  slides  and  motion  pictures. 
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and  electronics.  Video  techniques,  combined  with  improved  microscopic 
optics,  have  been  integrated  with  electronic  computers. *»*•*»* 

This  report  was  designed  to  introduce  the  subject  of  microsurgery,  to 
describe  advances  in  instrumentation  and  some  of  the  experiments  per* 
formed  on  living  cells  especially  those  dealing  with  the  transplantation 
of  nucleoli,  and  to  describe  also  preliminary  experiments  designed  to 
produce  translocations  in  chromosomes.  Ail  these  facets  are  intended  to 
help  us  penetrate  and  unravel  the  manifold  mysteries  of  the  living  cell. 

Experiments  Dealing  with  Application  oi  Oil  Drops 

Cells  such  as  sea  urchin  eggs  will  readily  coalesce  with  an  oil  drop 
applied  to  their  surfaces.*  Considerable  information  on  the  physical 
properties  of  extraneous  coats  has  been  obtained  from  these  experiments. 
In  general,  extraneous  coats  are  protective  to  the  cell.  Quite  dramatic 
effects  are  produced  if  cells,  deprived  of  their  extraneous  coats,  are 
allowed  to  coalesce  with  an  oil  drop.  In  most  instances,  such  cells  dis¬ 
integrate  so  violently  that  they  seem  to  explode.  On  the  other  hand, 
cells  with  intact  extraneous  coats  do  not  disintegrate,  indeed  they  will 
carry  on  with  their  normal  biological  activities. 

Oil  drops  can  be  injected  into  the  cytoplasm  of  most  cells.  Especially 
interesting  results  were  obtained  by  injecting  oil  drops  into  living  star¬ 
fish  oocytes.  Their  cytoplasm  is  relatively  refractory  to  microsurgery. 
The  nucleus  or  germinal  vesicle,  on  the  other  hand,  is  highly  susceptible 
to  mechanical  injury.  The  slightest  prick  with  a  fine  microneedle  triggers 
a  cytolytic  response  so  drastic  that  the  entire  cell  disintegrates  within 
10  sec. 

An  oil  drop  injected  into  intact  cytoplasm  remains  spherical  and  with 
a  clear-cut  phase  boundary.  As  soon  as  the  cell  is  induced  to  cytolyze, 
by  puncturing  its  nucleus,  the  oil  drop  quickly  loses  its  spherical  shape 
and  its  phase  boundary  becomes  crinkled.  This  crinkling  effect,  called 
the  Devaux  effect,  is  produced  by  proteins  accumulating  and  undergoing 
surface  denaturation  at  the  oil-water  interface. •»*  The  Devaux  effect  can¬ 
not  be  demonstrated  in  intact  cytoplasm. 

Transplantation  of  a  Nucleolus  into  a  Nucleus 

Studies  of  the  transplantation  of  nucleoli  especially  from  cells  of  the 
Luck/  adenocarcinoma  of  the  frog  kidney  have  been  reported  by  Kopac’**»* 
and  by  Kopac  and  Mateyko.“  Although  the  nucleolus  can  be  placed  into 
the  cytoplasm  with  minimal  damage  to  the  cell,  the  more  difficult  feature 
of  this  operation  is  the  removal  of  the  nucleolus  from  its  normal  nuclear 
site.  Almost  invariably,  irreparable  changes  occur  in  such  nuclei.  Be¬ 
cause  of  the  susceptibility  of  the  nucleus  to  mechanical  puncture,  it  is 
obvious  that  one  cannot  transplant  a  nucleolus  directly  into  a  nucleus. 
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To  accomplish  this  operation,  a  special  procedure  was  devised  with  the 
result  that  indeed  a  nucleolus  can  be  transplanted  into  the  nucleus  with¬ 
out  inflicting  mechanical  injury  to  the  nucleus. 

The  disposition  of  four  micromanipulators  and  four  microinjectors  for 
the  transplantation  of  nucleoli  is  shown  in  the  block  diagram,  figure  1. 


FIGURE  1.  Block  diagram  showing  arrangement  of  four  micromanipulators.  A, 
B,  C,  and  D,  with  four  microinjectors,  p,  q,  r,  and  s,  adapted  for  transplanting 
nucleoli.  Insert  circle,  representing  position  of  the  microscope  and  its  field, 
shows  four  micropipettes.  Two  large  micropipettes  are  used  for  holding  cells  by 
microelastimetry.  Nucleolus  is  transplanted  from  one  cell  to  another  with  one 
one  of  the  two  small  micropipettes. 

For  this  work,  the  lever-actuated  Leitz  micromanipulators.  A,  B,  C,  andD 
are  used.  Each  of  these  instruments  carries  a  micropipette,  of  which 
two  types  are  required.  The  “transplanting  micropipette”  for  removing 
and  transferring  the  nucleolus  has  an  orifice  diameter  of  approximately 
2  fi.  The  “cell-holding  micropipette”  has  an  orifice  diameter  of  10  to 
to  15  fi,  approadiing  one  fourth  to  one  third  the  diameter  of  the  cell  to  be 
held.  The  tips  of  these  micropipettes  are  fire- polished  to  avoid  tearing 
the  surfaces  of  cells. 

Micromanipulators  A  and  B  carry  the  cell-holding  micropipettes.  Be¬ 
hind  these  micromanipulators  are  two  microinjectors,  p  and  q,  for  con¬ 
trolling  volumes  ranging  from  0.0005  to  several  micioliters.  Spherical 
cells  can  be  conveniently  and  harmlessly  held  during  removal  and  im¬ 
plantation  of  a  nucleolus  by  a  modification  of  the  microelastimeter.“ 

Micromanipulators  C  and  D  carry  the  transplanting  micropipettes. 
These  are  connected  to  microinjectors,  r  and  s,  of  the  differential  piston 
type.*  Volumes  as  small  as  12  to  45  fifil  can  be  controlled  with  these 
new  units.  The  differential  piston  microinjectors  can  be  combined  with 
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servo-motor  drives  and,  hence,  this  represents  the  first  step  towards  au¬ 
tomatic  microinjection.  A  servo-driven  microinjector  can  be  programmed 
for  specific  operations,  especially  for  regulating  the  different  rates  of 
aspiration  needed  to  remove  a  nucleolus  from  the  nucleus. 

The  procedure  for  implanting  a  nucleolus  into  a  nucleus  is  illustrated 
in  FIGURE  2.  The  donor  cell  is  picked  up  with  the  cell-holding  micro¬ 
pipette  by  bringing  the  tip  of  the  large,  fire-polished  micropipette  against 
the  surface  of  the  nearly  spherical  cell  and  applying  sufficient  negative 
pressure  to  aspirate  a  small  segment  of  the  cell  into  the  pipette  (figure 
2A).  The  host  cell  is  similarly  picked  up  with  the  second  cell-holding 
I  micropipette.  The  donor  cell  should  be  in  interphase  with  a  prominent 
I  nucleolus,  while  the  host  cell  should  be  in  the  mid-anaphase  stage  of 
'  mitosis. 


Figure  2.  Procedure  for  transplanting  nucleolus  into  nucleus.  (A)  Donor 
cell  (binucleate)  is  held  by  the  microelastimeter  which  consists  of  a  large  mi- 
cropipette  connected  to  the  microinjector.  Part  of  the  host  cell  is  in  view.  One 
small  micropipette  is  inserted  into  nucleus  of  donor  cell  showing  partial  ex¬ 
traction  of  nucleolus.  The  other  small  micropipette  is  in  standby  position.  (B) 
Nucleolus  inserted  into  the  host  cell,  in  anaphase,  behind  one  set  of  chromo¬ 
somes.  This  cell  is  also  held  by  microelastimetry.  Donor  cell  moved  out  of 
position.  Diagram  shows  preferred  orientation  of  mitotic  spindle  and  best  posi¬ 
tion  for  inserting  nucleolus  to  avoid  damaging  the  spindle  or  deranging  the  cbio- 
mosomes. 

With  the  donor  cell  in  position  (figure  2A),  the  transplanting  micro¬ 
pipette  is  inserted  into  the  cell  so  that  the  tip  is  brought  close  to  the 
nucleolus.  Enough  suction  is  applied  by  the  microinjector  to  start  pull¬ 
ing  the  nucleolus  with  its  attached  chromosome(s)  inte  the  micropipette. 
As  soon  as  the  nucleolus  is  inside  the  micropipette,  the  pipette  is  re¬ 
moved  from  the  cell.  The  donor  cell  is  moved  out  of  the  way  and  the  host 
cell  is  immediately  moved  into  proper  operating  position  as  shown  in 
figure  2B. 


The  micropipette  bearing  the  nucleolus  is  carefully  inserted  into  the 
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host  cell  so  that  the  nucleolus  and  its  attached  chromosome(s)  can  be 
deposited  just  behind  one  of  the  anaphase  sets  of  chromosomes.  The 
ideal  orientation  of  the  spindle  relative  to  the  insertion  of  the  micropipette 
is  shown  in  figure  2B.  Care  must  be  taken  so  that  the  spindle  is  not 
damaged  during  implantation  of  the  nucleolus.  For  this  operation,  the  tip 
of  the  micropipette  is  brought  close  to  the  spindle  but  not  close  enough  to 
distort  the  spindle.  The  nucleolus  is  then  gently  expelled  by  applying 
positive  pressure  with  the  microinjector.  The  empty  micropipette  is  now 
carefully  removed  from  the  cell. 

Both  donor  and  host  cells  are  then  deposited  on  an  empty  area  in  the 
operating  chamber  which  also  serves  as  a  cell  culture  chamber.  With  the 
cells  still  attached  to  their  holding  micropipettes,  the  vessel  is  moved 
by  the  mechanical  stage  until  such  a  clear  area  is  found.  When  in  posi- 
tion,  the  cell  holders  are  gently  lowered  by  the  vertical  movement  on 
each  micromanipulator  so  that  the  cells  touch  the  floor  of  the  vessel. 
Slight  pressure  is  generated  by  manipulating  the  controls  of  microinjectors, 
p  and  q,  thereby  releasing  the  cells  that  now  rest  on  the  bottom  of  the 
culture  vessel. 

The  host  cell  will  complete  mitosis  if  it  is  not  damaged  too  severely. 
In  addition,  if  the  implanted  nucleolus  is  properly  placed  behind  the 
anaphase  chromosomes,  it  will  become  enclosed  by  the  nuclear  membrane 
produced  during  telophase.  With  the  procedures  and  instruments  described, 
and  everything  functioning  properly,  the  nucleolus  can  be  removed  from 
one  cell  and  placed  in  position  inside  the  proper  zone  of  the  host  cell  in 
less  than  60  sec.  Usually  it  takes  longer! 

Four  examples  of  nucleoli  successfully  transplanted  into  the  nucleus 
are  shown  in  figures  3  and  4.  These  examples,  illustrated  by  video 
image  photographs  and  scan  line  analyses,  show  that  the  transplanted 
nucleoli  were  all  incorporated  by  the  nucleus  reconstituted  during  telo¬ 
phase.  The  cells  were  fixed  in  cold  methanol  from  24  to  30  hours  after 
transplantation  of  the  nucleoli.  These  cells  were  then  stained  with  either 
hematoxylin  and  eosin  or  methyl  green  and  pyronine  Y. 

As  shown  by  figures  3  and  4,  nucleoli  when  implanted  in  the  correct 
position  relative  to  the  spindle  and  chromosomes  of  a  cell  in  anaphase 
will  be  incorporated  by  the  new  nucleus.  The  staining  capacities  of  the 
transplanted  nucleoli  to  hematoxylin  and  eosin  or  to  pyronine  Y  are  essen¬ 
tially  the  same  as  the  control,  or  in  situ,  nucleoli.  Nucleoli,  even  if 
fragmented  or  deformed  during  transplantation,  become  incorporated  within 
the  nucleus  and  they  still  retain  their  structural  deformations  as  well  as 
their  typical  staining  capacities.  If  the  spindle  is  damaged  or  the  chro¬ 
mosomes  are  drastically  deranged  during  implantation  of  the  nucleolus, 
the  cell  will  either  be  killed  or  else  the  nuclei  may  reform  as  pinched-off 
fragments  during  telophase. 

A  nucleolus  and  its  chromosomefs)  when  transplanted  into  the  nucleus 


FIGURE  3.  Nucleoli  transplanted  into  nuclei.  The  photographs  of  cells  were 
taken  from  the  video  monitor  screen  with  a  standard  Polaroid  camera  equipped 
with  a  type  540,  No.  1  close-up  lens.  The  pictures  were  taken  at  f;  11,  1/15 
second,  using  type  44  panchromatic  film.  The  cells  were  photographed  by  triple 
exposure  to  show  each  line  selected  for  analysis  on  the  oscilloscope.  These 
selected  lines  appear  as  black  horizontal  lines  on  the  video  images.  The  hori¬ 
zontal  lines  on  the  video  picture  and  the  traces  are  in  order,  that  is,  top  line 
and  top  trace  go  together,  in  each  representation.  The  oscilloscope  tracings 
were  photographed  with  the  Aremac  Automatic  Recordoscope  at  f;  2.5,  1/10 
second,  using  type  44  film.  Positioning  of  traces  and  vertical  adjustment  of 
sweep  time  permits  registry  of  pulses  with  the  structures  shown  in  corre¬ 
sponding  vertical  segments  in  the  video  image  photographs.  One  vertical  divi¬ 
sion  on  video  image  equals  7.6  jl.  The  cells  fixed  24  hours  after  transplantation 
and  stained  with  hematoxylin  and  eosin.  The  cells  are  from  a  culture  of  adeno¬ 
carcinoma  cells  of  the  frog  kidney.  All  procedures  were  carried  out  in  a  de¬ 
pression  slide  with  a  flat  bottom.  (A)  Small,  dark-staining  transplanted  nucleo¬ 
lus  (indicated  by  V  marker)  with  incipient  chromophobic  corona.*®  In  situ  nu¬ 
cleoli  in  both  nuclei  are  larger  and  have  a  more  prominent  corona.  All  three 
nucleoli  have  approximately  identical  staining  densities  as  indicated  by  the 
pulse  amplitudes  of  the  lines  taken  through  each  nucleolus.  (B)  Small  trans¬ 
planted  nucleolus  (indicated  by  V  marker)  with  slight  corona.  This  condition  is 
not  as  well  developed  as  in  the  two  larger  in  situ  nucleoli,  one  in  each  nucleus. 
All  three  nucleoli  have  high  staining  densities. 
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FIGURE  4.  Nucleoli  transplanted  into  nucleus.  See  FIGURE  3  for  photographic 
and  other  detaiis.  Cells  fixed  30  hours  after  transplantation  and  stained  with 
hematoxylin  and  eosin.  (A)  Nucleolus,  fragmented  during  transplantation,  con¬ 
sists  of  principal  mass  with  two  smailer  satellites  (indicated  by  arrows)  at¬ 
tached  to  it  by  strands.  These  satellites  have  moderate  staining  density  as 
shown  by  the  middle  trace.  In  situ  nucleolus  has  a  more  prominent  chromophobic 
corona.  Principal  transplanted  mass  has  a  staining  density  equivalent  to  the 
in  situ  nucleolus.  (B)  Large  transplanted  nucleolar  mass  with  two  smaller 
nucleoli  (indicated  by  arrows)  apparently  attached  to  it.  These  may  be  in  situ 
nucleoli.  Adjacent  nucleus  has  four  in  situ  nucleoli  surrounded  by  prominent 
chromophobic  coronas.  In  situ  nucleoli  fusing  with  the  transplanted  mass  have 
a  high  staining  density  as  shown  by  the  middle  trace. 

is  in  the  most  favorable  position  to  replicate  and  participate  in  subse¬ 
quent  mitotic  cycles.  The  nucleolar  chromosomes  and  nucleolar  organizers 
(and  the  nucleolonema*®)  are  structures  that  can  replicate  and,  therefore, 
can  be  passed  onto  the  next  generation  of  cells.  In  other  words,  the 
nucleolus,  if  transplanted  so  that  it  becomes  a  part  of  the  nuclear  com¬ 
plex,  serves  as  a  special  genetic  marker  to  be  followed  in  the  karyotype 
of  successive  generations  of  cells. 

Mictosurgical  Production  of  Chromosoiral  Translocations 

The  breakage  of  chromosomes  followed  by  fusion  of  the  fragments  to 
one  another  or  to  other  chromosomes  occurs  in  cells  exposed  to  X  irradia- 
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lion  or  to  radiomimetic  compoiinds.n-“  Accordingly,  translocations,  in¬ 
versions,  or  deletions  may  result  in  such  experimentally  modified  chro¬ 
mosomes. 

In  FIGURE  5  are  summarized  the  events  required  to  produce,  by  trans¬ 
location,  a  chromosome,  containing  two  nucleolar  organizers.  For  example, 
chromosome  c  can  be  broken  at  the  position  of  the  arrow  by  radiation  or 
radiomimetic  agents.  If  this  fragment,  which  carries  the  nucleolar  or¬ 
ganizer,  n^.,  separates  and  comes  close  enough  to  the  telomere  on  chro¬ 
mosome  d,  there  is  the  possibility  of  forming  the  chromosome  indicated  by 
dj{.  This  requires  not  only  the  spontaneous  transport  of  the  nucleolar  or¬ 
ganizer  fragment  from  c  to  chromosome  d  (indicated  by  arrow  and  star), 
but  the  telomere  on  d  must  have  been  made  sticky  so  that  fusion  of  the 
two  ends  can  occur.  This  effect  can  be  produced  by  the  action  of  radia¬ 
tion  or  one  of  several  alkylating  agents.**  Then,  and  only  then,  would  it 
be  possible  to  obtain  chromosome  c^,  which  now  has  two  nucleolar  or¬ 
ganizers,  nj  and  n^.  From  these  chromosomal  modifications,  the  two  new 
chromosomes,  c^  and  dx  are  produced,  one  without  a  nucleolar  organizer 
and  the  other  with  two  nucleolar  organizers. 


Figure  5.  Diagram  of  translocation  involving  the  nucleolar  organizer. 
Chromosomes  c  and  d  are  homologous  chromosomes  each  with  a  nucleolar 
organizer.  Nucleolar  organizer,  n^,  breaks  away  from  c  and  becomes  attached 
to  d.  Following  fusion  of  the  chromosomal  fragment  to  the  chromosome,  there  is 
derived  chromosome  dj^with  two  nucleolar  organizers. 

Although  chromosomal  aberrations  that  produce  translocations  do 
occur  by  the  action  of  radiation  or  certain  chemical  agents,  it  would  not 
be  the  most  reliable  method  for  producing  chromosomes  with  two  nu¬ 
cleolar  organizers  owing  to  the  random  nature  of  the  process.  Moreover, 
by  radiation  or  chemical  agents,  it  would  not  be  possible  to  produce 
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chromosomes  with  two  nucleolar  organizers,  of  which  one  could  come 
from  another  cell. 

Considerable  attention  has  now  been  directed  towards  the  possibility 
of  producing  such  chromosomes  by  microsurgery.  Even  by  this  approach, 
only  a  few  operations  have  been  or  will  be  successful;  however,  there  are 
more  chances  of  producing  the  desired  type  of  chromosome  than  could  be 
achieved  by  radiation  or  by  radiomimetic  agents. 

Chromosomes  have  been  subjected  to  microsurgical  experimentation  by 
several  investigators,  including  Chambers  and  Sands, “  Sands, and 
Wada**  on  Tradescantia  chromosomes;  by  Chambers**'*®  on  grasshopper 
spermatocyte  chromosomes;  and  by  Duryee**'**  on  amphibian  oocyte  chro¬ 
mosomes.  Much  micrurgical  work  has  been  done  on  the  giant  polytene 
chromosomes  in  cells  of  the  larval  salivary  glands  of  Diptera,  especially 
by  Barigozzi,**  Vonwiller  and  Audova,**  Stefanelli,**  Pfeiffer,** Buck,*’ 
Glancy,**  and  D’Angelo.**!*®  These  chromosomes,  due  to  their  large  size, 
are  unusually  suitable  for  microsurgical  studies. 

Unfortunately,  other  considerably  smaller  chromosomes  must  be  used 
for  producing  translocations.  The  leptotene  chromosomes  of  certain 
plants,  including  Tradescantia,  Crepis,  and  Vicia,  are  large  enough 
for  microsurgical  studies.  The  optimal  time  to  use  these  meiotic  chro¬ 
mosomes  is  just  before  zygoteny  occurs.  At  this  time,  the  nucleolar 
chromosomes  have  recognizable  landmarks  such  as  the  larger  chro- 
momeres,  the  nucleolar  organizer,  and  the  nucleolus.  These  are  the  chro¬ 
mosomes  now  being  tested  for  the  preliminary  production  of  translocations 
by  microsurgery. 

An  outline  of  the  procedure  for  producing  chromosomes  with  double 
nucleolar  organizers  by  microsurgery  is  shown  in  figure  6.  Chromosome 
c  in  leptotene,  is  cut  with  a  pair  of  delicate  microneedles  at  the  position 
indicated  by  the  two  arrows  using  the  micromanipulators  shown  in 
FIGURE  7.  The  two  microneedles  are  used  as  an  extremely  fine  pair  of 
scissors  so  that  the  chromosome  is  sheared  at  the  position  indicated  with 
minimal  damage.  The  fragment  containing  the  nucleolar  organizer  (and 
nucleolus)  is  transported  by  micropipette  to  the  position  of  the  telomere 
(arrow  and  star)  on  chromosome  d. 

For  fusion  between  the  cut-off  fragment  and  chromosome  d,  it  is 
necessary  to  make  the  telomere  sticky.  This  step  has  not  yet  been  fully 
or  consistently  achieved.  It  is  known,  however,  that  stickiness  of  the 
telomeres  can  be  induced  by  microbeam  ultraviolet  irradiation,**  ribonu- 
clease,  or  by  alkylating  agents,  various  caffeine  derivatives,  adenine, 
streptomycin,  either  with  or  without  ATR**'*’  At  the  present  time,  two 
approaches  are  being  tried.  One  is  the  immersion  of  cells  in  media  con¬ 
taining  ribonuclease  and  ATP.  Another  is  by  the  local  application  to  the 
specific  telomere  region  on  the  chromosome,  via  micropipette  and  micro¬ 
injection  technique,  of  an  alkylating  agent  either  with  or  without  ATP.  ^ 
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FIGURE  6.  Microsurgical  translocation  of  nucleolar  organizer.  Chromosomes 
c  and  d  are  homologous  at  leptotene.  Nucleolar  organizer  is  cut  off  chromosome 
c  at  point  indicated  by  arrows  and  is  brought  to  chromosome  d  at  point  indicated 
by  arrow  and  star.  Chromosome  c^  is  the  appearance  of  chromosome  c  prior  to 
removal  of  nucleolar  organizer  at  anaphase,  while  d  ^  is  the  anticipated  ap¬ 
pearance  of  chromosome  d,  also  at  anaphase.  Chromosomes  dg  and  c  g  show 
positions  of  centromere  with  spindle-attaching  fibril,  as  well  as  secondary  con¬ 
strictions,  indicating  positions  of  the  nucleolar  organizers. 

It  is  hoped  that,  eventually,  procedures  will  be  found  so  that  the  two 
chromosomal  ends  —  nucleolar  organizer  fragment  from  c  and  the  modified 
telomere  on  d  —  will  consistently  fuse.  There  is  no  difficulty  in  bringing 
the  two  ends  together  and  holding  them  in  place  for  as  long  as  30  min. 
It  may  be  seen  (figure  6)  that  if  the  two  ends  become  fused  the  chro¬ 
mosome  d  will  now  contain  two  nucleolar  organizers. 

Since  the  nucleus  containing  these  chromosomes  becomes  irreversibly 
damaged  from  microsurgery,  the  modified  chromosome  d  with  its  two 
nucleolar  organizers  must  be  transplanted  into  another  cell  to  avoid  losing 
it.  This  can  be  readily  accomplished  by  using  the  same  procedures  as 
previously  described  for  implanting  nucleoli  into  the  nucleus.  The  re¬ 
maining  chromosomal  fragment,  Cx,  can  also  be  transplanted  into  another 
nucleus.  There  might,  however,  be  some  difficulty  in  recognizing  this 
chromosome  in  the  karyotype  of  subsequent  cell  generations  because  of 
lack  of  sufficient  labeling. 


f 


FIGURE  7.  Special  high-precision  micromanipulators  for  chromosomal  mi¬ 
crosurgery. 


The  microsurgical  production  of  translocations  in  chromosomes  re-  ^ 
quires  the  best  micrurgical  instrumentation.  The  instrument,  illustrated 
in  FIGURE  7,  is  perhaps  one  of  the  most  sophisticated  of  its  kind.  This 
instrument  consists  of  four  screw-actuated  micropositioners  with  which  , 
one  can  position  the  tip  of  a  microneedle  or  micropipette  within  the 
limits  of  resolution  of  the  microscope. 

The  two  rear  micropositioners  each  carry  a  delicate  microneedle  for  i 
the  purpose  of  cutting  off  a  part  of  a  chromosome.  The  two  microposition¬ 
ers  closer  to  the  microscope  are  integrated  with  extremely  fine  volumetric 
controls.  These  units  are  the  volumetric  submicromanipulators, ^  and  with 
a  micropipette  the  chromosomal  fragment  Can  be  picked  up  and  transported 
to  the  modified  telomere  of  the  chromosome  as  shown  by  d  in  figure  6. 

This  operation  is  accomplished  with  the  unit  on  the  left  side.  The  unit  } 


on  the  right  side  has  a  larger  micropipette  so  that  the  entire  modified 
chromosome  can  be  aspirated  into  the  siliconized  micropipette  and  then 
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implanted  into  a  new  donor  cell  by  the  procedure  illustrated  in  figure 
2B. 

The  microscope  shown  in  figure  7  has  inverted  optics,  equipped 
with  long-working  distance  phase  objectives.  The  operating  chamber  is  a 
depression  cell  culture  slide  (Romicron)  with  a  ground  and  polished  flat 
bottom,  thus  permitting  the  use  of  phase  contrast  optics. 

Even  though  the  microsurgical  production  of  translocations  is  perhaps 
one  of  the  most  difficult  experiments  attempted,  the  efforts  are  indeed 
worthwhile.  If  a  chromosome  with  two  nucleolar  organizers  can  be  con¬ 
sistently  produced  and  successfully  transplanted  so  that  it  becomes  in¬ 
corporated  in  the  karyotype  of  a  proliferating  cell,  then  such  a  chromo¬ 
some  can  be  recognized  no  matter  whether  the  cell  is  in  interphase  or  in 
mitosis.  The  labeled  chromosome,  during  anaphase,  would  have  two 
secondary  constrictions  on  one  arm  as  shown  by  d  3  in  figure  6.  Such 
a  chromosome,  during  anaphase,  would  have  the  appearance  indicated  by 
Ca,  that  is,  prior  to  translocation  of  the  nucleolar  organizer.  During  inter¬ 
phase  as  well  as  prophase,  the  labeled  chromosome  could  now  be  recog¬ 
nized  by  possessing  two  nucleolar  organizer  complexes  and  probably  by 
two  nucleolar  bodies  as  shown  by  d.  Chromosome  d  should  be  able  to 
participate  in  all  subsequent  mitotic  or  meiotic  events  since  it  has  every¬ 
thing  it  needs,  including  the  centromere. 

Chromosomes  have  certain  phenotypic  potentials,  per  se.  The  nucleolar 
organizer  may  be  considered  as  a  group  of  genes,  carried  by  certain 
chromosomes,  capable  of  eliciting  the  development  of  a  specialized 
structure  in  the  cell,  the  nucleolus.  The  elicitation  of  a  nucleolar  body 
occurs  during  interphase.  During  late  prophase  through  early  telophase, 
the  nucleolar  organizer  is  represented  chiefly  by  the  secondary  con¬ 
striction.  The  phenotype  of  the  centromere  is  expressed,  during  mitosis 
or  meiosis,  by  the  formation  of  spindle-attaching  fibrils  (cg  and  in 
figure  6).  Interestingly  enough,  both  effects,  spindle  fibrils  or  nu¬ 
cleolar  bodies,  are  the  products  of  organizational  ability  possessed  by 
the  centromere  and  nucleolar  organizer  respectively. 

Some  of  the  questions  that  can  be  answered  by  chromosomes  modified 
microsurgically  to  produce  a  translocation  with  two  nucleolar  organizers 
are:  Will  both  nucleolar  organizers  develop  a  nucleolar  body  during  telo¬ 
phase-interphase  if  obtained  from  homologous  chromosomes?  Suppose 
two  types  of  differentiated  cells  are  represented  by  X  and  Y  (obviously, 
with  differentiating  cells,  leptotene  chromosomes  could  not  be  used;  in¬ 
stead,  the  same  type  of  microsurgeiy  could  be  done  on  early  prophase 
chromosomes).  Will  both  nucleolar  organizers,  X  and  Y,  develop  a  nu¬ 
cleolar  body  on  chromosome  X  transplanted  into  cell  X?  Will  both  nu¬ 
cleolar  organizers  develop  a  nucleolus  if  on  X  chromosome  but  trans¬ 
planted  into  cell  Y?  Will  the  presence  of  a  Y  nucleolar  organizer  in  cell 
X  modify  the  differentiating  potential  of  cell  X?  Or  will  X  nucleolar 
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organizer  modify  cell  Y?  These  are  only  a  few  of  the  questions  that  can 
be  answered  by  chromosomes  modified  microsurgically  so  as  to  produce 
chromosomes  with  nucleolar  organizers  derived  from  cells  with  dissi¬ 
milar  differentiating  potentials. 

Conclusions 

What  are  the  limitations  of  microsurgery?  In  so  far  as  delicacy  of 
micropositioning  is  concerned,  there  is  no  limit.  Micromanipulators  are 
now  available  that  permit  micropositioning  of  a  needle  or  pipette  within 
the  limits  of  resolution  of  the  light  microscope,  and  even  these  can  be 
improved.  Microinjections  are  performed  quantitatively  so  that  volumes 
ranging  from  1  to  10  ftfil  can  be  routinely  measured. 

There  are,  however,  certain  practical  considerations  that  limit  the 
size  of  the  micropipette.  The  smallest  workable  size  for  a  micropipette  is 
limited  to  a  diameter  of  0.5  fi,  otherwise  the  problems  of  hydrodynamics 
become  overwhelming.  The  second  limitation  is  determined  by  the  tough¬ 
ness  of  the  extraneous  coats  that  cover  all  cells.  Obviously,  a  superfine 
micropipette  would  lack  the  strength  needed  to  penetrate  a  tough  cell 
wall. 

Based  on  many  years  of  experience,  the  cell  should  be  at  least  10 
times  and,  preferably,  100  times  larger  than  the  micropipette.  Accordingly 
the  size  of  a  cell  for  a  micropipette  0.5  n  in  diameter  should  be  at  least 
5  fi.  Such  a  dimension  excludes  bacteria  since,  in  these  cells,  the  dia¬ 
meter  is  rarely  greater  than  1  fju  This  is  unfortunate,  because  there  are 
many  problems  open  for  investigation:  for  example,  the  injection  of  viral 
nucleic  acids  into  bacteria.  The  bacterial  viruses  have  solved,  quite 
successfully,  the  problem  of  microinjecting  nucleic  acid,  which  consists 
of  5  to  10  bits  of  genetic  information  into  the  interior  of  a  bacterial  cell. 
This  is  an  enviable  achievement  and  represents  one  of  the  most  elegant 
examples  of  nature’s  own  microinjection  techniques! 

The  microsurgical  study  of  living  cells  has  firmly  established  the 
reality  of  chromosomes,  nucleoli,  spindle  fibers,  nuclei,  mitochondria, 
and  various  other  subcellular  structures.’®  The  physical  nature  of  the 
cell  surface  and  the  function  of  its  overlying  structures,  the  extraneous 
coats,  has  been  determined.  There  is  no  question  that  one  of  the  primary 
functions  of  extraneous  coats  is  protective.  With  such  protection,  the 
cell  surface  can  be  mechanically  damaged  without  serious  consequences 
to  the  cell.  Without  such  protection,  the  entire  cell  might  become  quickly 
destroyed  even  from  extremely  slight  traumatic  injury.’ 

The  proteins  in  the  cell  are  highly  integrated  with  the  subcellular 
structures  and  will  behave  as  conventional  proteins  only  when  the  struc¬ 
tures  they  compose  are  disintegrated.  These  properties  of  cytoplasmic 
proteins  were  clearly  shown  by  the  oil  drop  crinkling  experiments.*’* 

The  transplantation  of  nucleoprotein-rich  subcellular  structures,  along 
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with  the  induction  of  various  changes  in  cells,  adds  new  horizons  to  the 
study  of  somatic  cell  genetics.  No  longer  is  one  dependent  on  the  chance 
inclusion  into  cells  of,  or  infection  by,  some  exogenous  subcellular 
particle.  Now  one  may  deliberately  take  out  a  selected  structure  from 
one  cell  and  place  it  precisely  into  the  cytoplasm  or  nucleus  of  another 
cell. 

Finally,  there  is  the  possibility  that  certain  chromosomes  can  be 
rebuilt,  by  delicate  microsurgery,  and  then  implanted  into  the  nucleus  of 
another  cell  where  the  labeled  chromosomes  can  be  followed  from  one 
cell  generation  to  the  next.  Experiments  of  this  type  should  provide 
additional  information  on  the  role  of  the  chromosome  and  its  parts  in  the 
all-impoitant  processes  of  selective  gene  action  and  cell  differentiation. 
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TICK-BORNE  ENCEPHALITIS  IN  EUROPE; 

SOME  ASPECTS  OF  EPIDEMIOLOGY  AND  CONTROL* 

Dion^z  Blakkovib' 

Institute  of  Virology 

Czechoslovak  Academy  of  Sciences,  Bratislava,  Czechoslovakia 

Tick-borne  encephalitis  is  a  virus  infection  of  man  and  animals 
usually  affecting  their  central  nervous  system.  The  disease  develops 
following  a  tick  bite  or  after  drinking  infected  goat’s  milk  and,  probably, 
cow’s  or  sheep’s  milk  also.  The  domestic  animals  become  infected  by 
ticks  harboring  the  encephalitis  virus. 

Various  infections  such  as  Russian  spring-summer  (taiga)  encepha¬ 
litis  (Zilber,  1939),  biphasic  meningoencephalitis  (Smorodintsev  et  aU, 
1954),  Central  European  encephalitis  (Gallia  et  ah,  1949),  and  looping  ill 
are  classed  under  the  term  of  tick-borne  encephalitis. 

Looping  ill  is  predominantly  a  disease  of  sheep.  No  special  attention 
has  been  paid  to  naturally  occurring  human  infections,  the  clinical  course 
of  which  has  been  studied  chiefly  on  laboratory  infections.  Other  enceph- 
alitides  have  a  different  clinical  course,  varying  from  mild  benign  forms 
(the  majority  of  Central  European  encephalitides  and  biphasic  menin- 
goencephalitides  of  Byelorussia  and  the  Ukraine)  to  the  very  severe  ones 
ending  in  paralyses  of  different  muscle  groups,  destruction  of  nerve 
centers  and,  sometimes,  in  death,  as  is  the  case  with  Russian  spring- 
summer  encephalitis.  This  occurs  in  the  eastern  parts  of  the  European 
Soviet  Union  (Ural)  and  prevails  in  Siberia  and  the  Far  East. 

Ticks  of  the  Ixodidae  family  act  as  both  vectors  and  reservoirs  of 
the  virus. 

Russian  spring-summer  encephalitis  is  transmitted  by  Ixodes  persal- 
catus  ticks.  Haemaphysalis  concinna  and  Dermacentor  sitvanm  ticks 
(Ryzhov  and  Skrynnik,  1941;  Skrynnik  and  Ryzhov  1940)  can  also  partici¬ 
pate  in  the  maintenance  and  circulation  of  the  virus  but  are  of  minor  im¬ 
portance.  /.  ricinus  acts  as  vector  and  reservoir  of  the  biphasic  menin¬ 
goencephalitis  and  Central  European  encephalitis  as  well  as  of  louping 
ill  viruses. 

The  antigenic  properties  of  the  viruses  recovered  from  diseased  or 

*Thit  paper,  illustrated  with  slides,  was  the  first  of  two  papers  presented  at  a  meeting 
of  the  Division  on  December  9,  1960. 

The  Section  of  Geological  Sciences  held  a  meeting  on  December  5,  1960,  at  which 
George  Mueller  of  the  University  of  Concepclcfn,  Concepcion,  Chile  presented  a  paper. 
This  article  will  be  published  in  a  subsequent  issue  of  the  Transactions. 

The  Section  of  Chemical  Sciences  held  a  meeUng  on  December  6,  1960,  at  which 
Jack  H,  Schulman  of  Columbia  University,  New  York,  N,  Y.  presented  a  paper  on  "Mech¬ 
anism  of  Fonnation  and  Structure  of  Myelinics  and  Microemulsions.*'  This  paper  will  be 
published  in  a  subsequent  issue  of  the  Trtmsactions. 
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apparently  healthy  host  animals  and  human  cases  are  very  similar.  The 
viruses  under  consideration  belong  to  the  B  group  of  arbor  viruses  (Casals 
and  Brown,  1954).  The  louping  ill,  biphasic  meningoencephalitis!  and 
Russian  spring-summer  encephalitis  viruses  can  be  distinguished  from 
one  another  either  by  the  antibody  absorption  and  agar  gel  precipitin 
technique  (Clarke,  1960)  or  by  the  pathogenicity  for  Macaca  rhesus  mon¬ 
keys  (Ilyenko  and  Pokrovskaya,  1960).  The  viruses  of  Central  European 
encephalitis  and  biphasic  meningoencephalitis  have  been  shown  to  be 
antigenically  identical  (Clarke,  1960).  The  geographical  distribution  of 
the  infections  of  man  and  animals  occurring  in  natural  foci  of  infection  is 
as  follows:  the  northern  parts  of  Great  Britain  (louping  ill);  the  European 
part  of  the  Soviet  Union  (both  Russian  spring-summer  encephalitis  and 
biphasic  meningoencephalitis);  and  (Bla^ovii/’,  1958a,  b)  Austria,  Bul¬ 
garia,  Czechoslovakia,  Finland,  German  Democratic  Republic,  Hungary, 
Poland,  Rumania,  Sweden,  and  Yugoslavia  (Central  European  encephalitis). 

Viruses  with  a  similar  antigenic  structure  were  discovered  in  the 
Eastern  Hemisphere  outside  Europe  in  Siberia  (Omsk  hemorrhagic  fever), 
India  (Kyasanur  forest  disease),  and  Malaya  (TP  21,  Langat  virus).  Quite 
recently,  a  new  virus  (Powassan  virus)  antigenically  closely  related  to 
the  viruses  of  the  tick-borne  encephalitis  group  was  discovered  in  Can¬ 
ada  and  the  United  States  (McLean  and  Donohue,  1959;  Casals,  1960; 
Thomas  et  aU,  1960).  The  infections  caused  by  all  these  viruses  are  of 
world-wide  importance. 

Ecology  of  the  Tick-Bome  Encephalitis  Viruses 

Tick-borne  encephalitis  belongs  to  diseases  occurring  in  natural  foci 
of  infection.  Pavlovsky  (1939,  1956)  defines  a  natural  focus  of  an  infec¬ 
tious  disease  “as  a  tract  of  country  of  a  definite  geographical  type  con¬ 
taining  habitats*  in  which  certain  given  interspecific  relationships  have 
evolved  between  the  pathogen  (the  microorganism)  and  the  vector  or 
vectors.  The  latter  transmit  the  infective  agent  from  animal  donor  to 
animal  recipient  under  conditions  of  the  external  environment  conducive 
to,  or  preventing  circulation  of  the  microorganism  among  the  participants 
of  such  biocenoses." 

This  definition  is  very  useful  for  understanding  the  natural  history  not 
only  of  tick-borne  encephalitis  but  also  of  other  infections  such  as  tula¬ 
remia,  leptospirosis,  babesiosis,  and  yellow  fever,  which  are  called 
transmissible  diseases  in  the  Russian  and  arthropod-borne  infections  in 
the  American-English  literature. 

Man  does  not  actually  play  a  role  in  the  circulation  of  tick-borne 
encephalitis  virus  in  nature;  he  is  the  dead  link  in  the  chain  of  infection. 

Virus  circulation  in  nature  is  effectuated  by  different  instars  of  1.  per- 
sulcatus,  D.  silvamm,  and  H.  concinna  ticks  in  the  taiga  and  forests  of 

•CeoEraphically  well-defined  areas  characterized  by  the  presence  of  a  particular 
flora  and  fauna. 
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the  Asian  part  of  the  Union  of  Soviet  Socialist  Republics  and  in  woods  of 
the  Ural  and  by  I.  ricinus  ticks  in  the  western  Soviet  Union  and  the  rest 
of  Europe.  I  shall  deal  with  the  ecology  of  the  virus  in  respect  to 
I.  ricinus.  The  geographical  distribution  of  the  main  vectors  and  reser¬ 
voirs  of  the  virus  is  evident  from  figure  1. 


Figure  1.  Geographical  distribution  of  ticks  Ixodes  ricinus  (dotted  line) 
and  I.  persuicatvs  (solid  line).  Reproduced  by  permission  of  Karger,  Basel, 
Switzerland  and  New  York,  N.  Y. 

The  circulation  of  the  virus  in  nature  is  illustrated  schematically  in 
FIGUR  E  2, 

/.  ricinus  ticks  suck  the  blood  as  larval  instars,  chiefly  on  small 
rodents  and  insectivorous  animals,  birds,  and  reptiles.  Occasionally  they 
feed  on  larger  beasts  of  the  chase  (deer,  roebuck,  fox,  hare),  domestic 
animals  (cow,  sheep,  goat),  and  man.  The  nymphal  instars  feed  on  all 
the  animal  species  mentioned  and  man,  but  especially  on  domestic  ani¬ 
mals  grazing  in  areas  infested  by  ticks.  Adult  ticks  are  found  almost 
exclusively  on  large,  wild,  and  grazing  domestic  animals  and  on  man. 

Neither  wild  nor  domestic  animals  succumb  after  a  bite  by  a  virus¬ 
carrying  tick.  There  are  neither  deaths  nor  signs  of  disease,  except  a 
slight  temperature  increase  in  domestic  animals  inoculated  subcutane¬ 
ously  with  large  amounts  of  virus  (0.04  ml./kg.  body  weight  of  a  10  per 
cent  suspension  containing  10*  mouse  LDso  per  0.03  ml.)  according  to 
GreVlkov^  (1957a-c,  1958a,  b).  Nonimmune  domestic  animals  (goats, 
sheep)  grazing  for  one  season  in  a  natural  focus  of  tick-borne  encepha¬ 
litis  produce  only  specific  antibodies  without  a  clinical  manifestation  of 
disease  (^koda  and  Bla^ovib',  1958) .  Specific  complement-fixing,  hae- 
magglutination-inhibiting  as  well  as  virus-neutralizing  antibodies  develop 
quite  regularly  in  animals  infected  naturally  with  the  virus.  The  demon¬ 
stration  of  antibodies  serves  as  a  basis  for  conclusions  about  the  pres- 
^  ence  of  virus  in  nature. 
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Figure  2.  Cycle  of  development  of  the  tick  Ixodes  ricinus  and  its  biocenotic 
relationship  to  the  tick-borne  encephalitis  virus  in  nature. 


The  infectious  process  caused  by  virus  transmitted  to  a  host  animal 
depends  on  the  state  of  susceptibility  or  immunity  of  the  animal  (Benda, 
1958a-c). 

In  animals  that  acquire  immunity  following  a  previous  infection, 
feeding  of  infectious  ticks  will  not  cause  viremia,  whereas  viremia  of 
varying  duration  will  develop  in  nonimmune  animals.  The  viremic  phase 
lasts  4  to  6  days  in  roes  and  hares,  an  average  of  5  days  in  laboratory 
mice  (Libikovd  and  Albrecht,  1958) ,  and  6,  5,  and  4  days  respectively  in 
goats,  sheep,  and  cows  (GreSfkovi.,  1957a-c,  1958a,  6).  The  affected 
animals  in  the  viremic  stage  serve  as  sources  of  infection  for  nonin- 
fectious  ticks.  Because  virus  remains  infective  in  engorged  ticks  for 
several  consecutive  instars  and  may  even  be  transmitted  transovarially, 
the  persistence  of  the  virus  in  a  natural  focus  of  infection  is  secured 
provided  that  there  is  a  sufficient  supply  of  hosts.  Virus  spread  is  se¬ 
cured  into  the  next  surroundings  by  the  ticks  themselves  and  into  distant 
areas  by  means  of  host  animals,  including  migrating  birds.  The  duration 
of  viremia  and  the  level  of  virus  content  in  the  blood  are  of  decisive  im¬ 
portance  for  the  preservation  of  virus  in  nature  (Smith,  1954). 

Following  the  viremic  stage,  during  which  the  virus  can  be  isolated 
from  wild  animals  in  nature  (Przesmycki  et  aL,  1960),  the  virus  becomes 
fixed  in  tissues,  predominantly  in  the  brain,  where  it  can  be  easily 
demonstrated.  Following  experimental  subcutaneous  infection  with  100  to 
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1000  mouse  LDso  of  virus  of  Micromys  minutus  mice  caught  in  the  field  it 
was  possible  to  demonstrate  the  virus  in  them  after  31  days  (MomsteinovI 
and  Albrecht,  1957).  It  is  not  known  whether  animals  preserving  the  virus 
in  brain  tissue  can  serve  as  source  of  infection  for  ticks  by  developing 
secondary  viremia.  The  presence  of  circulating  antibodies  seems  to  offer 
evidence  against  such  a  possibility.  Alimentary  infection  of  predators 
after  consumption  of  such  animals  cannot  be  excluded,  however.  Thus 
far,  no  satisfactory  evidence  for  this  possibility  has  been  offered. 

The  state  of  immunity  of  host  animals,  both  wild  and  domestic,  can 
be  one  of  the  regulators  of  the  amount  of  virus  present  in  ticks  and  of 
the  total  amount  of  virus  present  in  a  natural  focus  of  infection.  I  have 
already  mentioned  that  immune  animals  do  not  develop  viremia  even  if 
infested  with  infectious  ticks.  On  the  contrary,  the  virus  doses  from  the 
ticks  act  as  revaccination  doses  leading  to  increased  titers  of  antibodies. 

On  the  other  hand,  antibodies  affect  to  some  extent  the  virus  present 
in  ticks.  Extensive  experiments  (Benda,  1958b)  showed  that  blood  from 
an  immune  animal  can  either  show  no  effect  on  the  virus  titer  in  infec¬ 
tious  ticks  following  engorgement  or  can  cause  a  decrease  in  the  titer. 
There  is  a  decrease  in  the  titer  of  virus  transmitted  to  the  next  instar  of 
such  ticks  compared  to  the  controls.  When  nymphs  are  sucking  blood  from 
an  immune  animal,  further  transstadial  transmission  of  virus  is  irregular 
or  does  not  take  place.  In  other  words, sucking  of  immune  blood  does  not 
free  the  tick  from  virus;  it  causes  a  decrease  in  the  titer  of  virus  or  an 
irregular  transmission  of  virus  to  the  subsequent  instars. 

The  tick-borne  encephalitis  virus  is  transmitted  transstadially  in 
ticks.  This  fact  has  been  known  since  the  first  investigations  on  tick- 
borne  encephalitis  and  has  been  demonstrated  successfully  by  most 
investigators  in  different  species  of  ticks:  /.  persulcatus  (Chumakov, 
1944),  D,  silvarttm  (Ryzhov  and  Skrynnik,  1939),  /.  ricinus  (Benda,  19586), 
and  1.  hexagonus  (Streissle,  1960).  On  the  other  hand,  von  Tongeren 
(quoted  after  Verlinde,  1956)  did  not  demonstrate  the  virus  in  ticks  6 
days  after  engorgement.  He  concluded  that  the  tick  remains  infective  only 
as  long  as  it  contains  some  of  the  blood. 

Transovarial  transmission  of  the  virus  has  not  been  demonstrated  by 
all  investigators  with  equal  regularity  nor  has  it  been  confirmed. 

In  /.  persulcatus  transovarial  transmission  of  virus  has  been  regularly 
demonstrated  by  repeated  experiments  (Chumakov,  1944).  More  recent 
investigations  (Dumina,  1958;  Benda,  1958c)  seem  to  indicate  that  the 
transmission  is  irregular,  its  rate  amounting  to  about  6  per  cent  in  both 
/.  persulcatus  and  I.  ricinus  ticks. 

The  problem  of  transstadial  and  transovarial  transmission  of  virus  in 
ticks  has  been  the  subject  of  frequent  discussion.  It  has  been  concluded 
that  the  results  can  be  compared  only  if  ticks,  viruses,  and  hosts  from 
the  same  locality  are  used.  The  fact  that  differences  exist  in  the  amount 
of  virus  circulating  in  different  foci  of  infection,  in  the  vectors  (f.  ricinus, 
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/.  persulcatus,  H.  concinna,  or  D,  silvarum)  as  well  as  in  the  host  ani¬ 
mals,  can  itself  lead  to  a  different  interrelationship  between  a  virus  and 
its  host.  The  positive  isolation  rate  of  a  virus  from  tick  pools  varies 
from  2  to  25  per  cent  in  different  localities  in  the  Union  of  Soviet  Social¬ 
ist  Republics  (Smorodintsev,  1958).  In  Czechoslovakia  the  virus  isolation 
rate  from  ticks  occurring  in  natural  foci  was  higher  in  western  than  east¬ 
ern  parts  of  the  country,  but  it  never  reached  values  commonly  obtained 
in  natural  foci  occurring  in  the  Siberian  taiga  or  habitats  not  changed  by 
human  action. 

Feces  from  infectious  ticks  contain  the  fully  virulent  virus,  whose 
infectivity  persists  for  considerable  periods  even  at  room  temperature. 
The  feces  represent  basically  undigested  blood  from  the  host,  and  the 
virus  contained  in  them  either  comes  directly  from  the  animal  host  or 
from  the  tick’s  intestinal  tract,  where  maximum  amounts  of  virus  are 
present.  The  virus  actually  multiplies  in  the  intestinal  tract  of  ticks  and 
later  spreads  from  there  to  different  organs,  especially  to  the  salivary 
glands  (Pavlovsky  and  Solovyov,  1940  and  1941). 

The  role  of  gamasoid  mites  in  the  circulation  of  tick-borne  encepha¬ 
litis  virus  is  limited  to  virus  maintenance  in  a  microfocus,  that  is,  in 
nests  of  rodents  and  birds.  Tagiltsev  (1958)  studied  27  species  of  these 
small  ectoparasites  living  from  their  hosts’  blood.  The  virus  could  be 
transmitted  by  these  mites  from  one  species  of  birds  or  small  rodents  to 
another  species  only  within  the  limits  of  the  ecological  relationships 
between  the  animals  mentioned.  In  a  natural  focus  of  tick-borne  encepha¬ 
litis  it  was  possible  to  isolate  the  virus  from  D.  himdinis.  The  role  of 
mites  in  the  ecology  of  tick-borne  encephalitis  virus  has  not  yet  been 
fully  elucidated. 

Similarly,  not  much  is  known  about  the  role  of  fleas  and  mosquitoes 
as  natural  vectors  of  the  virus.  Experimental  results  (Slonim  and  Kram^' 
1955)  offered  suggestive  evidence  against  a  role  of  mosquitoes  in  virus 
transmission  because,  in  Culex  pipiens,  C.  Molestus,  Aedes  vexans,  and 
Anopheles  messae  mosquitoes  that  sucked  on  a  10  per  cent  mouse-brain 
suspension  containing  10*  to  10*  mouse  LDso  of  virus  per  0.03  ml.,  the 
virus  did  not  multiply  and,  after  2  days,  it  could  no  longer  be  recovered 
from  their  bodies.  In  contrast  to  this  are  the  findings  of  Polish  investi¬ 
gators  (Przesmycki  et  aU,  1960)  who  repeatedly  obtained  positive  isola¬ 
tions  of  tick-borne  encephalitis  virus  from  Anopheles  and  Aedes  mosqui¬ 
toes  as  well  as  from  fleas  caught  on  animals  in  a  natural  focus  of  tick- 
borne  encephalitis  in  the  Byelowiesza  Forest  National  Park  in  Poland. 
This  seems  to  offer  suggestive  evidence  of  virus  transmission  between 
small  rodents  and  birds  (Rosick]^,  1959). 

The  data  mentioned  above  on  the  transovarial  and  transstadial  trans¬ 
mission  of  tick-borne  encephalitis  virus  in  ticks  indicate  that  the  main¬ 
tenance  of  the  virus  in  a  natural  focus  is  sufficiently  guaranteed.  Never¬ 
theless  investigations  have  been  carried  out  on  the  possibility  of  virus 
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hibernation  in  vertebrate  hosts  in  whose  blood  or  organs  the  virus  would 
persist  during  their  winter  sleep,  a  time  when  the  ticks  are  inactive. 

It  was  found  that  the  virus  persisted  in  the  blood  from  hedgehogs  in 
an  experiment  in  which  the  animals  were  kept  in  a  refrigerator  at  +4°  C. 
(von  Tongeren,  1957). 

Bats  were  inoculated  subcutaneously  with  200,000  mouse  LDso  of 
virus  in  0.1  ml.  and  placed  in  a  cave,  where  these  insectivorous  animals 
normally  hibernate.  The  virus  persisted  in  the  blood  from  the  7th  to  the 
23rd  day  of  hibernation,  and  viremia  could  be  demonstrated  for  a  further 
7  days  after  hibernation  was  interrupted.  In  the  liver  and  spleen  the  virus 
was  found  11  days  and,  in  the  brains,  14  days  after  the  hibernation  was 
interrupted  (Nosek  et  aU,  1960). 

Similarly  arranged  experiments  must  be  based  on  the  experience  that 
the  hibernating  animal  examined  actually  plays  a  role  in  the  circulation 
of  the  virus  and  that  it  represents  a  link  open  on  both  sides,  that  is,  that 
it  not  only  can  accept  the  virus  and  maintain  it  in  the  blood  but  also  pass 
it  to  ectoparasites  sucking  the  blood  of  different  vertebrate  species  and 
thus  transmit  the  virus  to  the  latter. 

Mention  has  been  made  of  birds,  which  can  affect  the  maintenance, 
circulation,  and  spread  of  virus  in  nature.  Evidence  of  this  are  specific 
antibodies  against  tick-borne  encephalitis  virus  in  birds  and  the  fact  that 
many  bird  species  are  infested  by  ticks.  Tick-borne  encephalitis  virus 
could  be  isolated  in  western  Siberia  from  /.  plumbeus  Leach,  ticks  para¬ 
sitizing  on  birds,  for  example,  on  the  sand  martin  (Fedorov  and  Tyush- 
nakova,  1958).  Virus  isolations  from  birds’ brains  are  also  not  infrequent. 
If  such  isolations  are  made  from  migrating  birds,  one  is  led  to  speculate 
about  the  role  of  these  birds  in  spreading  foci  of  tick-borne  encephalitis 
(Emek,  1958;  Bla^ovib’,  1958a). 

I  have  summarized  the  knowledge  concerning  the  ecology  of  the  tick- 
borne  encephalitis  virus.  There  remains  to  be  discussed  some  peculiari¬ 
ties  in  respect  to  the  characteristics  of  natural  foci  of  infection.  Many 
steps  occur  from  natural  foci  hitherto  untouched  by  man  to  those  that 
have  undergone  the  biggest  changes  following  the  activity  of  man.Rosicky 
(1959)  applies  Pavlovsky  and  Zasukhin’s  (1958)  scheme  to  the  condi¬ 
tions  prevailing  in  Europe.  The  division  is  based  on  whether  the  activity 
of  man  caused  changes  in  the  landscape  character  and  modified  it  for 
breeding  game  or  for  domestic  animals  (figure  3). 

Theriodic  (game)  foci  are  characterized  by  tree  vegetation  suitable 
for  breeding  game.  Domestic  animals  do  not  graze  in  such  areas,  but  may 
pass  through  them  when  moving  to  pastures.  The  incidence  of  ticks  per 
100  square  m.  area  is  considerable,  for  in  Central  Bohemia  it  is  possible 
to  collect  in  such  an  area  about  150  adult  ticks  and  3600  nymphs  within 
1  year.  Such  foci  are  characterized  by  deciduous  woods,  the  most  charac¬ 
teristic  trees  being  the  horn  beam  (Carpinus  betulus)  and  the  lime  (Tilia 
cordata).  Transmission  of  the  infection  to  man  is  effected  exclusively  by 
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Figure  3.  Natural  foci  of  tick>bome  encephalitis. 

tick  bite  when  collecting  fruit  or  other  foods  or  during  camping  or  recre¬ 
ation.  Examples  of  such  foci  can  be  found  in  Bohemia,  south  Slovakia,  in 
the  Steiermark  (Austria),  in  Hungary  and,  most  probably,  in  the 
Byelowiesza  primary  forest  (Poland) ,  which  belongs  to  the  most  ancient 
forests  in  Europe. 

Bosquematic  (pasture-type)  foci  developed  by  degradation  of  previ¬ 
ously  woody  habitats.  Domestic  grazing  animals  are  the  main  source  of 
food  for  I.  ricinus  ticks.  Natural  foci  of  the  pasture  type  can  cover  large 
areas,  in  which  the  animals  during  the  whole  grazing  season  are  very 
intensively  infested  by  ticks,  for  example  in  Albania,  southern  Slovakia, 
southern  Bulgaria,  and  Slovenia  up  to  the  north  of  Ljubljana.  Infection  of 
man  is  possible  either  by  tick  bite  or  by  drinking  fresh,  raw  milk  or  by 
consuming  the  resultant  diary  products.  In  such  natural  foci  familiar 
microepidemics  or  even  explosive  epidemics  can  occur  if  milk  is  not 
treated  in  a  prescribed  way  (Rakka  et  at.,  1954). 

Mixed  theriodic-bosquematic  (game-pasture)  natural  foci  combine  the 
properties  of  both  previously  mentioned  foci  and  are  characterized  by 
alternating  woody,  bushy,  and  grassy  vegetation.  In  a  focus  of  this  type 
in  Slovakia  it  was  found  by  epidemiologic  analysis  that  60.2  per  cent  of 
human  infections  resulted  from  tick  bite  and  23.1  per  cent  from  drinking 
unboiled  goat’s  milk.  In  16.7  per  cent  of  cases  the  source  of  infection 
could  not  be  established  (BdrdoS  et  at.,  1954). 

Examples  of  such  mixed  natural  foci  can  be  also  found  in  the 
KamniSske  Alps  (Yugoslavia),  in  the  Steiermark  (Austria),  and  in  north¬ 
eastern  Albania  (Rosick^,  1959). 

Mountain-type  natural  foci  are  characterized  by  a  very  low  incidence 
of  ticks  and  by  a  high  altitude  (more  than  1000  m.  above  sea  level).  It  is 
assumed  that  here  virus  circulation  is  secured  by  mites  and  fleas  and 
that  it  is  of  a  microfocal  character.  The  action  of  man  does  not  affect 
these  areas,  and  cases  of  human  infection  are  extremely  rare  if  actually 
possible.  The  existence  of  natural  foci  of  this  type  can  be  revealed  only 
by  a  serological  survey,  by  eventual  virus  isolation  (BdrdoM  et  at.,  1954). 
This  type  of  natural  foci  is  included  among  primary  foci,  and  it  presum¬ 
ably  represents  a  marginal  relic  of  an  originally  widespread  focus,  which 
has  been  interrupted  by  the  action  of  man. 

Primary  natural  foci  not  affected  by  the  activity  of  man  no  longer 
exist  in  central  and  southern  Europe.  They  are  approached  by  the 
Byelowiesza  Forest  National  Park  in  Poland. 

Natural  foci  of  tick-borne  encephalitis  as  classified  above  form  a  part 
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of  larger  areas  showing,  in  a  different  degree,  signs  of  human  activity 
(Rosicky  and  Hejn^,  1959).  These  regions  can  be  divided  into  5  groups: 
(1)  the  natural  region,  (2)  the  slightly  cultivated  region,  (3)  the  moder* 
ately  cultivated  region,  (4)  the  highly  cultivated  region,  and  (5)  the 
completely  cultivated  region.  This  grouping  is  only  of  formal  importance, 
but  it  explains  the  existence  of  natural  foci  of  infection  in  the  individual 
landscape  types,  the  validity  of  a  focus  depending  on  the  landscape 
character,  and  the  possibility  of  a  spread  of  a  focus  from  regions  with  a 
higher  type  of  cultivation  into  regions  with  a  lower  type  of  cultivation. 

Epidemiology  of  Tick-Borne  Encephalitis 

Two  ways  have  been  mentioned  by  which  man  becomes  infected:  by  a 
tick-bite  or  by  drinking  raw  milk.  Both  ways  have  been  confirmed  epide- 
miologically  and  experimentally  on  several  occasions.  Experimental 
data  and  epidemiological  experience  offer,  however,  suggestive  evidence 
of  additional  possibilities. 

The  tick-borne  encephalitis  virus  is  somewhat  resistant  to  the  effect 
of  external  factors  (such  as  pH  and  temperature),  especially  if  it  is  pro¬ 
tected  by  proteins  or  lipids.  It  remains  infective  during  the  acidification 
of  milk,  the  preparation  of  cheese  from  unboiled  milk,  or  in  butter  pre¬ 
pared  from  infectious  milk.  This  applies  to  the  artificially  infected  start¬ 
ing  product  (milk),  which  contains  large  amounts  of  virus  (10*  to  10^  LD50 
per  ml.  of  milk),  whereas  the  milk  from  infected  cows  rarely  contains 
more  than  10*  mouse  LDso  of  virus  per  ml.  of  milk.  When  kept  in  a  refrig¬ 
erator  at  4°C.,  infected  butter  and  cheese  remain  infective  for  2  months 
and  2  weeks  respectively  (GreSfkovd,  1958  a,  b). 

Experimental  pasteurization  (GreSlkova  et  aU,  1960)  carried  out  at 
different  temperatures  for  varying  periods  of  time  has  shown,  when  these 
factors  are  carefully  controlled,  that  the  virus  is  safely  inactivated  in 
milk  kept  at  72°  C.  for  10  sec. 

Laboratory  infections  are  for  the  most  part  aerogenous  and  repeatedly 
occur  in  workers  who  are  preparing  virus  suspensions  in  a  Waring  blender. 
Thus  this  possibility  of  human  infections  has  also  to  be  taken  into  ac¬ 
count.  However  laboratory  conditions  are  not  characteristic  of  daily 
epidemiological  practice.  Moreover  experiences  in  laboratory  work  offer 
the  epidemiologist  a  basis  for  taking  the  following  additional  ways  of 
infection  into  account  in  epidemiological  analysis:  inhalation  of  a  virus 
containing  aerosol  during  milking,  or  of  an  aerosol  containing  infective 
tick  feces  that  contaminate  the  skin  of  domestic  animals.  These  possi¬ 
bilities  presume  an  enclosed  space  and  a  considerable  concentration  of 
virus  (BlaSkoviS,  1960).  Another  possibility  is  the  inhalation  of  infective 
tick  feces,  when  processing  wool  and  furs  from  domestic  animals,  from  a 
natural  focus  of  infection  (V.  BdrdoS,  personal  communication). 

Infections  resulting  from  a  tick  bite  or  from  drinking  milk  show  a 
characteristic  seasonal  incidence,  which  depends  on  the  activity  of  ticks. 

BBBtt  _ _ _ 
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Epidemics  from  milk  are  either  familiar  microepidemics  or  they  are  of  an 
explosive  character  (RaSka  et  aU,  1954).  An  example  is  the  large  epi¬ 
demic  caused  by  drinking  unpasteurized  infectious  milk  in  Ro^ava  in 
1951,  when  more  than  600  people  became  infected,  but  there  were  no  fatal 
cases  (BlaSkovil5,  1954).  The  incubation  period  of  an  alimentary  infection 
is  from  4  to  14  days  and, after  a  tick  bite,  from  8  to  20  days  (figure  4). 


Figure  4.  Time  incidence  of  tick-bome  encephalitis  in  some  holiday  cen¬ 
ters  southeast  of  Prague,  Czechoslovakia,  in  1953. 

The  disease  incidence  in  Czechoslovakia  is  not  the  same  every  year. 
A  higher  incidence  of  tick-borne  encephalitis  was  registered  in  1948  and 
1953.  The  varying  incidence  depends  on  many  factors  that  affect  quanti¬ 
tative  differences  in  the  circulation  of  virus  in  a  given  natural  focus  of 
infection.  The  amount  of  circulating  virus  depends  on  vertebrate  hosts 
and  vectors  (ticks). 

This  scheme  has  to  be  supplemented  by  the  properties  of  the  virus 
itself  circulating  in  nature:  its  relationships  to  the  vectors  and  the  hosts, 
its  resistance  to  physical  and  chemical  factors,  and  its  genetic  properties. 

From  the  problems  of  human  epidemiology  1  return  in  this  discussion 
to  the  problem  of  the  ecology  of  the  virus  in  nature,  the  knowledge  of 
which  offers  a  most  solid  basis  for  the  search  for  effective  control  meas- 
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ures  in  the  prevention  of  tick-home  encephalitis.  For  the  application  of 
methods  current  in  epidemiological  practice  it  seems  necessary  to  obtain 
as  accurate  a  picture  as  possible  of  the  relationship  of  the  vims  to  the 
vectors,  hosts,  or  reservoirs  in  a  given  natural  focus.  The  strategy  of  the 
prevention  of  human  infections  would  then  be  based  on  these  findings 
(BlaSkovi2f,  1960).  This  will  apply  not  only  to  already  existing  natural 
foci  but  also  to  those  that  could  arise  when  natural  conditions  are  changed 
by  human  activity  (for  example,  in  the  case  of  dams,  when  water  reser¬ 
voirs  could  serve  as  a  base  for  migrating  aquatic  birds,  which  can  be 
carriers  of  both  virus  and  infected  ectoparasites). 

In  Europe  the  infection  is  usually  benign.  Mortality  is  about  1  per  cent 
or  less  in  contrast  to  the  high  mortality  following  tick-borne  encephalitis 
in  the  Siberian  taiga.  Among  hospitalized  cases  from  the  epidemic  in 
Austria  in  1954  the  mortality  was  reported  to  attain  2  to  4.5  per  cent 
!  (Grinschgl,  1955). 

The  differences  in  the  incidence  of  infection  according  to  age  groups, 
sex,  and  profession  depend  on  the  specificity  of  the  natural  focus  and  on 
the  method  of  infection. 

Infections  by  milk  prevail  in  children  and  women.  Men  are  not  accus- 
f  tomed  to  drinking  goat’s  milk.  Infections  by  a  tick  bite  are  frequent  in 

I  elder  children  (through  their  collecting  of  small  fmit  in  woods  or  camping 

in  or  near  woods)  and  in  male  adults  (particularly  woodcutters). 

'  Control  of  Tick-Bome  Encephalitis 

Protection  of  man  against  infection  with  the  tick-borne  encephalitis 
vims  can  be  both  specific  and  nonspecific. 

Individual  protection  of  man  entering  a  natural  focus  of  tick-borne 
encephalitis  consists  of  wearing  suitable  clothes,  in  using  repellents, 
and  chiefly  in  the  careful  picking  off  of  unengorged  ticks  from  the  body. 

)  More  important  are  measures  leading  to  the  eradication  or  to  a  very 

substantial  lowering  of  the  tick  population  in  nature. 

Ticks  infest  neglected  pastures,  fields,  and  boundary  strips.  Grazing 
cattle  provide  them  with  sufficient  food.  Ticks  do  not  appear  in  well- 
1  tended  pastures.  Removal  of  shmbs  from  pastures;  agrotechnical  care  of 
meadows,  fields,  and  their  surroundings;  the  improvement  of  footpaths; 
and  a  ban  on  pasturing  cattle  in  the  woods  are  all  measures  that  will 
help  to  reduce  the  number  of  ticks  and  consequently  also  the  source  of 
infection.  This  simple  method  of  controlling  ticks  is  very  effective  and 
has  probably  led  to  their  eradication,  or  at  least  to  a  considerable  de¬ 
crease  in  their  numbers,  with  consequent  interruption  of  the  circulation 
of  the  encephalitis  virus  in  some  west  European  countries  (Denmark  and 
I  The  Netherlands)  where  tick-borne  encephalitis  no  longer  occurs. 

(Results  obtained  from  the  Union  of  Soviet  Socialist  Republics  indicate 
that  dusting  the  ground  with  insecticides  from  the  air  can  also  be  an  im¬ 
portant  control  measure  against  ticks  in  natural  environments.  The  most 
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satisfactory  substance  is  10  per  cent  DDT,  which  is  more  stable  than 
HCH  (Gorchakovskaya  et  al.,  1958).  When  acaricides  were  applied  over 
two  experimental  plots  measuring  6.6  and  8  ha.  every  4  years,  and  over  f 

an  area  measuring  482  ha.  every  3  years,  1.  persulcatus  ticks  were  almost 
exterminated.  The  amount  of  acaricides  used  was  30  to  50  kg./ha,  1 
believe  that  this  method  cannot  be  applied  to  pastures  used  by  domestic 
animals  without  endangering  their  health  and  the  quality  of  their  milk. 

The  acaricides  could  be  applied  in  large  forests  before  the  workers  enter 
them  (in  large  constructions  and  woodcutting).  They  can  also  be  used  for 
individual  protection  of  domestic  animals  against  ticks  (Ma^ii^ka,  1956). 

Human  health  can  be  protected  (1)  by  active  immunization  with  a 
vaccine  and  (2)  by  using  hyperimmune  serum  or  y  globulin  for  short-term 
prevention  or  for  the  treatment  of  infected  patients. 

(1)  Active  immunization.  In  the  Union  of  Soviet  Socialist  Republics, 
a  formalized  vaccine  prepared  from  mouse  brains  is  widely  used;  it  was 
administered  for  the  first  time  shortly  after  the  discovery  of  the  virus 
(Smorodintsev  et  aU,  1940).  It  consists  basically  of  a  1  per  cent  (recently  i 
5  per  cent)  emulsion  from  infectious  mouse  brains  inactivated  by  formol 
(1:2000)  in  a  fluid  or  lyophilized  state  (Drobyshevskaya,  1956).  The  pro¬ 
phylactic  value  of  this  vaccine  has  received  favorable  evaluation  (Panov, 
1956). 

The  vaccine  does  not  protect  everybody  from  infection,  but  vaccinated 
persons  do  not  contract  the  severe,  paralytic,  or  fatal  form  of  the  disease. 

Vaccination  is  carried  out  in  persons  working  in  forests  known  to  be 
a  natural  focus  of  infection  and  in  new  settlers  in  the  district. 

Under  the  conditions  prevailing  in  Czechoslovakia  we  are  not  certain 
who  actually  should  be  vaccinated  in  addition  to  the  laboratory  personnel.  | 
The  country  is  densely  populated.  During  the  last  several  years  the 
number  of  holiday  resorts  and  camping  areas  in  places  adjacent  to  woods  ! 
have  increased  extraordinarily.  Many  people  come  to  these  places  every  ^ 
year  during  the  spring  and  summer  from  towns  where  they  do  not  have 
any  contact  with  tick-borne  encephalitis  virus.  Considering  the  present 
mode  of  vaccine  preparation  (mouse-brain  suspension),  I  do  not  recommend  ^ 

vaccination  for  people  living  in  surroundings  that  constitute  a  natural  | 

focus  of  tick-borne  encephalitis.  There  are  difficulties  in  controlling  ? 

people  who  come  to  the  woods  for  holidays  and  for  camping  purposes  ) 

and  remain  there  temporarily.  Health  propaganda  to  inform  inhabitants  of 
of  the  ways  of  infection  and  of  the  modes  of  prevention  is  partially  helpful. 

It  has  been  shown  that  the  mouse-brain  vaccine  against  tick-borne  i 
encephalitis,  similarly  to  other  brain  vaccines,  is  not  an  ideal  substrate 
for  parenteral  administration  to  man  because  of  its  allergizing  properties  { 

and  because  of  the  possibility  that  it  can  induce  demyelizing  processes.  | 

Although  it  has  been  recommended  that  use  be  made  of  infectious  brain  | 

suspensions  from  suckling  animals  such  as  mice  and  rats  (Svet-Moldav- 
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skaya,  and  Svet-Moldavsky,  1959),  which  do  not  possess  the  properties 
mentioned  above,  further  attempts  have  been  made  to  obtain  a  viral  mate¬ 
rial  that  would  be  sufficiently  immunogenic  and  free  from  impurities.  An 
egg  vaccine  has  not  yet  been  introduced,  although  it  has  been  recom¬ 
mended  in  the  Union  of  Soviet  Socialist  Republics  (Shubladze  ef  a/., 
1958). 

Emphasis  should  be  placed  on  the  possibility  of  introducing  a  vaccine 
from  virus  propagated  in  tissue  cultures  (DaneS  and  '3enda ,  1960a-c; 
Benda  and  DaneS,  1960;  Levkovich  and  Zasukhina,  1960a,  6).  In  addition 
to  a  formalized  vaccine,  a  search  for  a  living  apathogenic  virus  strain  is 
to  be  made.  Several  approaches  are  recommended,  two  of  which  are  a 
search  for  an  avirulent  strain  from  nature  and  an  attempt  to  induce  a 
stable  mutant  by  laboratory  procedures  (Slonim,  1956;  Gre^Ikova'  et  aU, 
1960). 

(2)  The  use  of  hyperimmune  serum.  Hyperimmune  serum  is  administered 
by  the  intramuscular  and  by  the  intralumbar  routes  in  the  early  stages  of 
the  disease  before  signs  due  to  disturbance  of  the  ganglion  cells  of  the 
central  nervous  system  have  developed.  The  administration  of  human 
convalescent  serum  in  the  same  way  (used  since  1939  by  Shapoval 
et  at.),  can  also  be  recommended,  as  can  be  that  of  y-globulin  prepared 
from  such  serum,  which  has  been  tested  experimentally  by  B^rdoS  (1956) 
and  B^rdoM  and  Simkov^  (1958), 

We  also  have  data  on  the  effect  of  human  convalescent  serum  and 
immune  y-globulin  in  the  treatment  of  laboratory  infections.  In  some 
cases,  large  doses  of  these  preparations  were  given  at  the  onset  of  the 
first  phase  of  the  disease.  This  did  not  prevent  the  development  of  the 
second  stage,  but  paralysis  did  not  occur  in  any  of  the  five  cases  ob¬ 
served.  On  the  other  hand,  it  should  be  borne  in  mind  that  whenever  a 
member  of  the  staff  of  a  neuro-infection  laboratory  develops  a  pyrexial 
condition,  we  insist  on  his  remaining  in  bed  even  after  the  fever  has 
subsided  (that  is  for  the  time  of  the  “asymptomatic  interval”) • 

Let  us  now  turn  our  attention  once  more  to  the  ecological  problems  of 
tick-borne  encephalitis  and  to  the  possibility  of  controlling  the  infection 
by  some  intervention  in  the  pathogenesis  of  the  infection  and  in  the 
circulation  of  the  virus  in  nature. 

We  have  suggested  protecting  man  against  infection  from  milk  by 
means  of  vaccinating  domestic  animals  with  different  kinds  of  vaccine 
with  a  simultaneous  testing  of  their  immunogenicity.  My  assumption  that 
immune  domestic  animals  grazing  in  great  numbers  will  unfavorably  affect 
the  virus  circulation  in  nature  as  hosts  of  ticks  in  two  ways  was  also 
based  on  the  experiences  concerning  the  effect  of  immune  serum  on  the 
tick-borne  encephalitis  virus  in  ticks  (Benda,  1958a,  6).  First,  no  viremia 
will  ensue  in  animals  following  a  bite  by  infectious  ticks,  and  thus  the 
animals  will  not  become  a  source  of  virus  for  starving,  noninfectious 
ticks.  Second,  the  amount  of  virus  in  infectious  ticks  sucking  blood  from 
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immune  domestic  animals  will  be  affected  by  antibodies  and,  eventually, 
all  virus  will  be  neutralized. 

Therefore  my  colleagues  and  I  vaccinated  in  1959  several  hundred 
domestic  animals  (sheep,  cows,  and  goats),  which  were  grazing  in  a 
natural  focus.  This  work  is  still  being  continued,  but  preliminary  results 
presented  at  the  Symposium  on  the  Biology  of  Viruses  of  the  Tick-borne 
Encephalitis  Complex  in  Smolenice,  Czechoslovakia  in  October  1960 
show  that  some  promising  effect  could  be  obtained,  especially  when 
live-virus  vaccine  was  used  (BlaSkovi?  et  aU,  1960). 

Such  biological  intervention  into  virus  circulation  in  nature  is  suc¬ 
cessful,  however,  only  if  domestic  animals  are  driven  out  to  graze  in  a 
natural  focus  of  infection.  However,  even  in  such  regions  a  single  form 
of  intervention  will  be  insufficiently  effective  in  disturbing  the  virus 
circulation  if  not  combined  with  other  means. 

It  is  difficult  to  evaluate  the  efficacy  of  such  control  measures 
because  a  long-term  program  is  involved.  The  criteria  of  evaluation  will 
be  based  not  only  on  the  incidence  of  the  given  infection  but  also  on 
quantitative  and  qualitative  estimations  of  the  presence  of  virus  in  the 
given  area. 

This  review  lacks  an  exact  epidemiological  analysis  of  the  incidence 
of  proved  tick-borne  encephalitis  cases  in  the  individual  European  coun¬ 
tries.  No  reliable  statistical  data  are  available.  However  the  analysis  of 
cases  from  some  years,  for  example  1948  and  1953,  when  the  disease 
occurred  more  frequently  in  Czechoslovakia,  shows  that  it  is  necessary 
to  pay  attention  to  the  clinics,  to  epidemiology,  and  to  control  of  the 
disease.  It  is  not  an  easy  problem  because  the  methods  of  research  and 
control  of  an  infection  of  this  kind  are  complicated.  The  solution  of  these 
problems  requires  the  teamwork  of  different  specialists  and  the  collab¬ 
oration  of  different  working  groups  throughout  the  world.  I  believe  that 
success  in  protecting  human  health  against  this  viral  infection  will  be 
achieved  by  a  widespread  activity  on  the  part  of  man  having  for  its  goal 
the  cessation  of  virus  circulation  in  nature;  and  it  is  for  this  reason  that 
I  have  presented  various  aspects  of  and  observations  on  this  subject. 
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RECENT  DEVELOPMENTS  IN  RESEARCH  ON 
THE  AFRICAN  TRYPANOSOMIASES* 

K.  C.  Willett 

West  African  Institute  for  Trypanosomiasis  Research, 

Kadvna,  Northern  Nigeria 

The  diseases  of  man  and  his  domestic  animals  caused  by  trypano¬ 
somes  and  transmitted  by  tsetse  flies  probably  constitute  one  of  the 
greatest  remaining  obstacles  to  the  development  of  Africa,  affecting,  as 
they  do,  an  area  of  more  than  4,000,000  square  miles  of  the  continent. 

The  two  groups  of  diseases  are  distinct  in  that  the  animal  trypano¬ 
somes  cannot  infect  man  and  the  human  trypanosomes  are  of  no  impor¬ 
tance  as  animal  pathogens,  but  the  problems  of  their  control  involve 
much  wider  considerations  than  merely  medical  or  veterinary  treatment. 
For  example,  the  most  serious  medical  problem  of  trypanosomiasis  is  no 
longer  the  human  disease  at  all  but  the  malnutrition  and  protein  defi¬ 
ciency  that  results  from  the  impossibility  of  keeping  productive  cattle  in 
vast  areas  because  of  the  certainty  that  they  will  die  of  trypanosomiasis. 
Again,  when  it  is  made  possible  to  introduce  or  increase  cattle,  there  is 
frequently  the  risk  that  overstocking  will  lead  to  serious  soil  erosion. 
Where  mass  drug  prophylaxis  or  treatment  is  to  be  used  to  protect  cattle 
from  trypanosomiasis  there  is  not  only  this  risk  of  overstocking  but  also 
a  severe  risk  of  the  appearance  of  drug  resistance;  such  dangers  can  be 
avoided  only  by  proper  control  of  the  cattle  and  their  owners,  a  control 
that  may  be  extremely  unwelcome  or  even  politically  unacceptable.  In 
this  way  the  problems  of  control  of  trypanosomiasis  bear  on  the  fields  of 
sociology,  education,  administration,  and  even  politics. 

Research  on  trypanosomiasis  calls  equally  for  a  broad  scientific 
approach  and  needs  the  services  of  men  with  a  variety  of  qualifications. 
Because  of  this,  two  institutes  were  set  up  on  British  African  territories 
just  after  the  last  war;  the  West  African  Institute  for  Trypanosomiasis 
Research  serving  Nigeria,  Ghana,  Sierra  Leone,  and  Gambia,  and  the 
East  African  Trypanosomiasis  Research  Organization  for  Kenya,  Tanga¬ 
nyika,  and  Uganda,  with  staffs  comprising  medical  and  veterinary  research 
officers,  entomologists,  protozoologists,  and  biochemists.  In  addition  to 
the  research  carried  on  in  these  institutes,  major  contributions  have  come 
from  territorial  departments  such  as  the  Kenya  Veterinary  Department  and 
the  medical  and  veterinary  authorities  of  the  Northern  Region  of  Nigeria. 
Also,  important  fundamental  research  has  been  going  on  in  laboratories 
in  Europe  and  the  United  States,  and  the  result  of  this  intensified  attack 
has  become  apparent  in  many  advances  in  recent  years. 

Perhaps  the  most  important  advance  in  practical  control  has  been  the 
application  of  insecticides  in  the  extermination  of  the  insect  vector, 

*This  paper,  illustrated  with  slides,  was  the  second  of  two  papers  presented  at  a 
meeting  of  the  Division  on  December  9,  I960. 
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especially  the  riverine  species  of  tsetse  Glossina  palpatis  and  G.  tachU 
noides,  which  are  the  principal  vectors  of  the  cause  of  human  sleeping 
sickness  in  West  Africa,  Trypanosoma  ^ambiense.  These  flies  have  a  rela¬ 
tively  restricted  habitat  in  the  riverine  vegetation  and  can  be  extermi¬ 
nated  by  spraying  along  the  river  banks.  Successful  operations  with 
repeated  spraying  of  DDT  or  fewer  sprayings  of  Dieldrin  have  been 
carried  out  in  Kenya,  in  Uganda  and  in  Northern  Nigeria,  where  the  dry 
season  is  longer  and  mote  severe,  even  single  sprayings  of  DDT  at  that 
time  of  year  have  shown  remarkable  persistence  of  the  insecticide  and 
have  achieved  extermination. 

Extension  of  this  attack  to  the  Morsitans  group  of  tsetse  flies  in  their 
extensive  savannah  habitat  poses  a  much  more  difficult  series  of  prob¬ 
lems,  not  merely  in  the  scale  of  operations  demanded.  A  real  danger  is 
that  either  inadvertent  failure  to  treat  a  single  small  part  of  a  fly  belt  or 
a  failure  to  detect  the  furthest  limits  of  light  fly  infestation  could  leave 
a  nucleus  of  fly  to  repopulate  the  whole  unaffected  habitat  when  the 
insecticide  had  worn  off.  However,  much  work  on  the  techniques  of  such 
control  methods  is  in  progress  and  a  study  of  resting  sites  may  lead  to 
great  economies  or  increase  of  efficiency,  such  as  MacDonald’s^  recent 
discovery  that  in  a  G.  palpalis  habitat  50  per  cent  of  this  species  could 
be  found  resting  within  1  foot  of  the  ground  at  night. 

Important  advances  in  the  chemotherapy  of  animal  trypanosomiasis 
have  been  made,  particularly  in  the  introduction  of  the  first  effective  pro¬ 
phylactic  drugs.  As  a  result,  large  areas  that  are  only  lightly  infested 
with  flies  could  now  be  used  to  maintain  cattle  productively,  although 
only  under  adequate  control  for  the  reasons  mentioned  above.  The  prob¬ 
lem  of  drug  resistance  in  trypanosomes  is  of  the  utmost  importance  for  it 
seemed  at  one  time  that  it  might  become  serious  enough  to  endanger  the 
value  of  the  newly  introduced  compounds.  However,  a  most  significant 
practical  contribution  has  come  from  Whiteside’  and  other  workers  in  the 
Kenya  Veterinary  Department  that  shows  how  these  risks  may  be  avoided 
or  overcome. 

Immunology  in  trypanosomiasis  has  been  studied  by  many  workers  in 
the  past  but  generally  with  disappointingly  little  indication  of  any  immu¬ 
nological  characteristics  common  to  different  species  or  even  strains  of 
the  parasite;  the  striking  feature  has  often  been  the  apparent  antigenic 
lability  of  the  trypanosomes.  Very  recently  a  most  hopeful  new  approach 
has  been  opened  up  by  Weitz’*  discovery  of  soluble  antigen  liberated  by 
the  strain  of  T.  brucei  with  which  he  worked,  an  antigen  that  not  only 
stimulates  the  production  of  protective  antibody  but  also  appears  to  be  of 
great  biological  importance  to  the  trypanosomes  in  their  ability  to  sur¬ 
vive  in  vitro  or  to  infect  a  new  host.  Weitz’  observations  have  been  ex¬ 
tended  by  Gray*  to  show  that  similar  antigens  are  elaborated  by  other 
strains  of  T.  brticei  and  also  by  both  rat-adapted  and  fly-transmitted 
strains  of  T.  vivax  and  by  T.  gambiense.  Furthermore,  by  the  use  of  T. 
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vivax  antigen  and  the  appropriate  antibodies,  Gray  has  been  able  to  demon¬ 
strate  species-specific  antigens  in  T,  vivax  and  antigen-antibody  systems 
common  to  T.  vivax,  T.  gatnbiense,  and  T.  brucei.  Other  recent  work  on 
the  immunology  of  trypanosome  infections  has  been  that  of  Desowitz,’ 
which  has  given  valuable  information  on  the  basis  of  the  natural  resist¬ 
ance  to  infection  observed  in  some  species  of  cattle  and  in  game  animals. 

Within  the  last  few  years  some  interesting  explanations  of  features  of 
the  epidemiology  of  sleeping  sickness  have  been  given.  Nash*  and  Page 
and  MacDonald’'  have  shown  the  importance  of  the  intimate  man-fly  con¬ 
tact  that  results  from  G.  palpalis  being  restricted  in  the  dry  season  to 
isolated  pools  or  stretches  of  river  that  are  essential  to  the  local  human 
population.  Wijers*  has  also  shown  how  greatly  increased  is  the  chance 
of  G.  palpalis  becoming  infected  with  T.  gambiense  if  it  takes  an  infected 
feed  very  early  after  emergence  from  the  pupa  and  the  similar  effect  of 
higher  temperatures.  It  seems  most  probable  that  the  combination  of  this 
intimate  man-fly  contact  with  higher  temperatures  and  the  conditions  of 
dryness  that  would  lead  to  the  earliest  feeding  of  emergent  flies  may  be 
responsible  for  the  serious  transmission  of  sleeping  sickness  that  is 
often  observed  in  low  populations  of  G.  palpalis  and  G.  tachinoides  near 
the  geographical  limits  of  their  distribution. 

The  origin  of  T.  rhodesiense,  the  cause  of  the  more  acute  disease  on 
the  eastern  side  of  Africa  in  flybelts  infested  with  the  Morsitans  group 
of  tsetse,  has  been  traced  by  the  present  author,  on  the  basis  of  evidence 
from  the  original  literature,  to  a  modification  of  the  T.  gambiense  disease 
that  spread  down  the  western  side  in  the  early  years  of  this  century  until 
it  reached  the  limits  of  G.  palpalis  at  about  the  Congo-Rhodesia  border 
in  1907  just  before  the  detection  of  the  first  cases  in  the  Morsitans  group 
areas  in  1908-1909.  The  most  probable  origin  of  T,  rhodesiense,  based 
on  the  experience  of  the  infection  of  game  animals  at  Tinde  Laboratory 
in  Tanganyika,  now  appears  to  be  that  the  strains  of  7.  gambiense  were 
of  varying  virulence  —  as  found  by  Lester*  in  1933  in  Northern  Nigeria  — 
and  that,  although  all  such  strains  could  survive  by  man-fly-man  trans¬ 
mission  in  G.  palpalis  habitat,  only  the  virulent  strains  capable  of 
infecting,  and  being  transmitted  from,  game  animals  could  survive  in  the 
Morsitans-game  environment.  Thus,  beyond  the  limits  of  distribution  of 
G.  palpalis  the  virulent  strains  were  inevitably  selected  by  their  ability 
to  infect  game  animals,  and  it  is  these  that  have  spread  through  Rhode¬ 
sia,  Nyasaland,  Mozambique,  and  Tanganyika  as  7.  rhodesiense. 

Intensive  work  on  the  tsetse  fly  has  been  in  progress  now  for  more 
than  30  years  and  has  yielded  a  vast  amount  of  knowledge  of  the  bio¬ 
nomics  of  the  more  important  species,  but  in  recent  years  there  has  been 
one  most  significant  development.  Weitz'®  worked  out  on  tsetse  flies  a 
technique  for  the  identification  of  species  of  animals  from  which  blood¬ 
sucking  insects  had  taken  their  meals,  and  its  application  to  samples  of 
the  blood  meals  of  many  species  of  tsetse  from  many  areas  of  Africa  has 
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given  extremely  valuable  information  on  feeding  habits.  Two  striking 
discoveries  have  been  that  warthog  and  other  Suidae  provide  so  large  a 
proportion  of  the  feeds  of  some  species  and  that  some  other  species  of 
animals,  although  readily  available,  are  rarely,  if  ever,  fed  upon,  such 
as  impala,  hartebeeste,  waterbuck,  and  zebra. 

In  conclusion,  it  can  be  said  that  the  greatly  intensified  research  on 
the  problems  of  trypanosomiasis  in  the  last  decade  has  already  revealed 
many  interesting  possibilities,  any  of  which,  or  a  combination  of  them, 
may  hold  great  promise  for  the  future. 
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THE  USE  OF  COMPUTERS  BY  PHYSICIANS  AS  A  DIAGNOSTIC  AID* 

Arthur  E.  Rikli  and  Cesar  A.  Caceres 
Heart  Disease  Control  Program,  Division  of  Special  Health  Services 
Public  Health  Service,  Bethesda,  Md. 

For  many  years  physicians  have  used  mechanical  and  electronic  aids 
to  assist  them  in  making  a  diagnosis,  and  they  have  welcomed  improve¬ 
ments  in  this  field.  Some  of  these  aids  are  instruments  that  observe 
physical  phenomena,  for  example  the  electrocardiograph  that  observes 
the  electric  impulse  of  the  heart  and  expresses  it  as  a  curve.  Visual 
displays  of  heart  sounds  and  heart  pressures  are  studied  in  a  similar 
manner.  These  objective  data,  as  observed  with  present  instrumentation, 
provide  information  useful  to  the  physician  in  making  a  diagnosis  for 
therapeutic,  prognostic,  or  research  purposes. 

In  many  instances,  observer  instrument  displays  are  so  complex  that 
the  physician  is  called  upon  to  study  fields  that  take  him  outside  of  his 
chosen  one  of  patient  care.  It  takes  much  training  and  experience  for  a 
physician  to  become  proficient  in  reading  even  the  simpler  data  displays. 
The  analysis  is  time-consuming,  and  the  repetitious  detailed  work  is  very 
tiring.  The  interpretations  of  the  physician  making  the  analysis,  partic¬ 
ularly  in  borderline  cases,  may  be  influenced  by  fatigue  and  related  factors 
as  well  as  by  the  objective  data.  As  more  elaborate  instrument  displays 
become  available  and  in  greater  quantities,  the  need  for  a  rapid,  reliable, 
and  objective  method  for  analyzing  display  data  is  becoming  readily 
apparent  Investigation  suggested  that  problems  similar  to  this  had  been 
solved  in  other  fields  by  using  various  automation  systems. 

figure  1  presents  a  diagram  of  how  a  computer  might  serve  as  a 
diagnostic  aid  for  physicians  by  relieving  him  of  routine  aspects  asso¬ 
ciated  with  interpretation  of  visual  displays  from  his  conventional  diag¬ 
nostic  aids.  If  a  computer  can  provide  this  service  to  a  physician,  it 
will  reduce  the  number  of  hours  necessary  to  train  a  physician  in  the  use 
of  observer  instruments.  It  will  permit  him  to  examine  more  information 
more  intensively  and  with  a  greater  degree  of  uniformity. 

As  we  seek  medical  applications  for  computers  we  must  recognize 
that  a  computer  is  limited  to  designated  functions.  The  computer  can 
retain  an  almost  unlimited  number  of  facts  and  can  associate  and  tabulate 
those  facts  in  any  manner  a  programmer  directs.  Some  people  fear  and 

*Thli  paper  was  the  first  of  U.ree  papers  presented  at  a  meeting  of  the  Division 
on  December  13,  1960. 

The  SecUonof  Biological  and  Medical  Sciences  held  a  maeUng  on  December  12,  1960, 
at  which  I.  Berenblum  of  the  Department  of  Experimental  Biology,  Welanann  Institute  of 
Science,  Rehovoth,  Israel  presented  a  paper  on  "The  Application  of  Some  Theoretical 
Principles  in  Cancer  Research.”  This  paper  will  not  be  published  by  the  Academy. 
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Figure  1.  Use  of  an  electronic  computer  as  a  diagnostic  aid. 

others  hope  that  computers  will  reduce  the  need  for  certain  types  of 
skills.  There  is  no  serious  reason  for  physicians  to  be  concerned  in  this 
regard.  The  computer  can  only  process  the  infonnation  provided  to  it  by 
the  physician,  and  then  the  physician  must  determine  how  to  use  the 
results  of  the  computer’s  effort  in  the  same  way  that  he  uses  the  results 
from  other  diagnostic  aids.  It  is  practical  to  suggest  that  use  of  a  com¬ 
puter  for  processing  selected  objective  data  can  sharpen  the  physi¬ 
cian’s  diagnostic  capabilities  and  result  in  better  medical  care  for  his 
patients. 

At  the  present  time  we  do  not  have  a  completely  automatic  system  that 
converts  objective  data  into  a  clinically  useful  form.  Our  basic  question 
has  been:  Can  a  system  be  developed  to  take  as  input  a  large  quantity  of 
objective  data  directly  from  the  observer  instrument  and,  after  internal 
classification  by  the  machine,  produce  an  output  that  will  be  useful  to  a 
physician  in  making  a  diagnosis?  This  question  came  to  the  attention  of 
one  of  us  (A.  R.)  in  1954  while  observing  phonocardiographic  studies  in 
Chicago,  Ill.  school  children.  ‘ 

Later,  as  a  result  of  consultations  with  commercial  engineering  firms, 
the  general-purpose  digital  computer  was  suggested  as  offering  the  ver¬ 
satility  needed  to  help  us  answer  this  question.  The  initial  project 
(unpublished  observations  and  elsewhere  in  this  publication)’  was  de¬ 
signed  only  to  show  that  the  computer  would  classify  objective  medical 
data  in  the  form  of  measurements  of  amplitude  and  duration  of  electro- 
physiologic  curves  into  similar  groups.  With  proved  clinical  cases  to 
establish  a  base,  it  was  anticipated  that,  when  objective  data  from  a  new 
case  are  presented,  the  computer  could  classify  these  new  cases  with 
those  that  had  been  clinically  proved.  It  was  recognized  that  this  would 
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not  solve  the  entire  question.  Since  a  curve  representing  an  electro- 
physiologic  signal  is  an  unlimited  series  of  points,  the  basic  problem  is 
to  develop  systems  that  will  extract  the  pertinent  data  points  that  are 
clinically  useful.  Future  work  will  be  done  in  this  area,  so  that  the 
results  of  computer  analysis  can  be  used  by  physicians  in  individual 
cases  and  applied  to  everyday  patient  care. 
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THE  DIGITAL  COMPUTER  AS  AN  AID  IN  THE  DIAGNOSIS  OF 
CARDIOVASCULAR  DISEASE* 

Cesar  A',  Caceres  arid  Arthur  E.  Rikli 

Heart  Disease  Control  Program,  Division  of  Special  Health  Services 
Ptd>lic  Health  Service,  Bethesda,  Md. 

An  overenthusiastic  evaluation  of  computer  studies  can  lead  to  the 
mistaken  inference  that  physicians  will  call  on  a  computer  as  they  do  a 
consultant.  Although  many  attempts  to  use  computers  in  diagnosis  are 
promising,  there  are  pitfalls  to  be  avoided  in  interpretation  of  computer 
analysis.  These  pitfalls  arise  from  human  factors  in  interpretation  and 
from  the  type  of  data  selected  for  computer  use. 

Despite  statistical  discrimination  and  the  precise  appearance  of  data 
from  computer  analysis,  it  is  the  programmer’s  direction  and  the  perti¬ 
nence  of  the  data  points  used  that  give  value  to  the  results.  This  can  be 
illustrated  by  studies  (elsewhere  in  this  publication)  in  which  statistical 
correlations  were  established  between  data  points  of  simultaneously 
recorded  electrocardiograms,  phonocardiograms,  ballistocardiograms,  and 
pressure  pulses.  These  curves  are  only  analogues  of  electrical,  mechan¬ 
ical,  and  acoustical  manifestations  of  heart  actions.  It  would  not  be 
correct  to  irhply  that,  because  of  statistical  correlation  of  the  data 
points,  they  also  have  physiologic  relationship. 

The  physiologic  meaning  of  correlations  between  portions  of  the 
phonocardiogram,  electrocardiogram,  ballistocardiogram,  or  cardiac 
pressure  curves  can  be  made  properly  only  after  consideration  of  the 
different  characteristics  of  transmission  and  transmission  loss  for  each 
of  the  signals  from  source  to  body  surface.  If  means  of  equating  these 
characteristics  from  one  type  of  signal  to  another  become  available,  the 
statistical  correlations  found  between  points  on  curves  will  be  physio¬ 
logically  meaningful.  In  our  studies  (elsewhere  in  this  publication  and 
unpublished  observations)'  the  case  of  ascertaining  the  degree  of  cor¬ 
relation  from  one  signature  to  another  by  computer  techniques  gives 
emphasis  to  the  need  for  studies  to  determine  the  nature  of  transmission 
losses  of  the  various  electrical  analogues  of  heart  activity  to  establish 
valid  physiologic  relationships.  This  suggests  that,  for  computers  and 
automated  systems  to  attain  maximum  usefulness  as  diagnostic  aids  to 
physicians,  they  should  be  used  to  add  precision  to  the  raw  data  and  to 
extract  clinically  pertinent  data  points  from  larger  bodies  of  data. 

With  the  key  phrase  ’‘pertinent  data  points”  in  mind  it  is  helpful  to 
review  some  past  efforts  to  utilize  electronic  computers  and  statistical 
techniques  to  aid  in  reaching  a  medical  diagnosis.  Mechanical  correla¬ 
tion  of  data  to  establish  the  differential  diagnosis  of  diseases  was  done 


*Thit  paper  was  the  second  of  three  papers  presented  at  a  meeting  of  the  Division 
on  December  13»  I960. 
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by  Lipkin  and  Hardy  in  1957.^  These  authors  coded  clinical  and  labora¬ 
tory  data  characteristic  of  hematologic  diseases,  and  this  material  was 
correlated  with  the  medical  diagnosis  in  the  hospital  record.  Extending 
these  studies,  Berkley*  pointed  out  that,  for  a  computer  to  be  of  use  in 
diagnosis,  it  is  essential  that  all  the  information  in  the  patient’s  case 
history  be  in  an  electronic  form  suitable  for  almost  immc-uiate  retrieval 
by  the  computer.  He  further  stressed  the  necessity  of  proper  weighting  of 
each  item  of  information  in  the  subject’s  history  in  reference  to  each 
individual  disease  before  a  machine  can  correctly  classify  a  subject’s 
findings  into  a  disease  category.  In  these  studies,***  the  authors  them¬ 
selves  weighted  the  data  after  analyzing  the  weighting  system  used  by 
clinicians  and  medical  texts.  Swenson*  used  weighting  factors  estab¬ 
lished  by  reference  to  standardized  scales  and  has  obtained  reliable 
results  from  computer- derived  correlations  of  data  from  structured  per¬ 
sonality  tests.  Hollingsworth*  demonstrated  that  proper  weighting  of  each 
sign  and  symptom,  physical  finding,  or  laboratory  test  could  be  accom¬ 
plished  as  well  with  statistical  techniques,  such  as  discriminant  func¬ 
tion  analysis,  using  a  computer. 

Given  the  estimated  probability  that  a  symptom  occurs  in  a  congenital 
heart  defect,  Warner*  has  used  data  from  the  history,  physical  examina¬ 
tion,  and  laboratory  tests  to  formulate  a  reliable  diagnosis.  He  demon¬ 
strated  that  a  computer  system  utilizing  a  probability  theorem  can  make 
a  medical  diagnosis  that  agrees  with  that  of  a  physician.  If  insufficient 
data  is  presented  for  the  diagnosis,  the  computer  can  be  programmed  to 
request  additional  data,  just  as  a  physician  asks  for  another  laboratory 
test.  By  withholding  data  on  a  specific  symptom  from  the  computer 
diagnostic  process,  the  programmer  can  determine  the  relative  importance 
of  each  symptom  to  the  diagnosis  and  thus  eliminate  nonsignificant  data 
from  future  computations.  Brodman  and  his  colleagues*"*  developed  a 
machine  system  that  establishes  its  own  diagnostic  criteria  empirically 
by  correlating  the  prevalence  of  an  item  of  historical  data,  as  asked  in 
the  Cornell  Medical  Index-Health  Questionnaire,  with  subjects  whose 
medical  diagnosis  had  been  established  previously.  The  machine  thus 
formulates  “syndromes”  in  which  each  historical  item  is  weighted  in 
reference  to  individual  diseases. 

Our  studies  (as  mentioned  earlier)  demonstrate  an  application  of 
statistical  analysis  using  a  computer  to  group-selected  variables  and 
weight  them  as  a  unit.  In  this  analysis,  as  in  the  physician’s  diagnostic 
analysis,  interaction  of  variables,  as  well  as  each  variable  alone,  plays 
a  significant  role  in  the  unit  weight.  This  system  allows  a  distribution 
of  unit  weights  of  variables  to  be  obtained  from  groups  of  subjects  with 
known  standards  of  health.  The  unit  weight  of  an  individual  subject’s 
variables  can  be  compared  for  purposes  of  identification  to  that  of  the 
standard  groups.  A  similarity  of  the  unit  weight  suggests  that  the  indi¬ 
vidual  subject  is  associated  with  the  clinical  classification  of  those  in 
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the  standard  group.  This  method  of  analysis  closely  approximates  that 
of  the  physician. 

In  effect,  in  these  techniques  the  computer  performs  an  analysis  of 
objective  data  that  substitutes  statistical  equations  for  the  empiric 
relations  used  clinically.  In  all  the  reviewed  studies***  it  is  evident 
that  the  computer  is  dependent,  like  the  physician,  on  the  pertinence  and 
relative  weight  given  the  data  in  relation  to  a  disease. 

Unlike  the  physician,  the  computer  is  additionally  dependent  on  quan¬ 
titative  data,  but  this  requirement  is  not  a  disadvantage.  When  computer 
techniques  are  applied  to  quantitative  data,  a  reduced  amount  of  input 
data  is  needed  to  achieve  a  desired  end.  This  advantage  is  striking  from 
an  evaluation  of  the  electrocardiographic  variables  used  in  our  studies 
(unpublished).*  Twelve  of  the  commonly  observed  portions  of  curves  from 
one  lead  alone  were  sufficient  to  discriminate  between  normal  subjects 
and  subjects  with  left  ventricular  hypertrophy.  Furthermore,  the  same 
variables  differentiated  the  abnormal  population  into  groups  associated 
with  similar  pathologic  entities.  This  analysis  using  only  12  variables 
can  be  contrasted  to  routine  methods  in  which  a  full  12-lead  electro¬ 
cardiogram  with  about  300  different  variables  is  used  to  arrive  at  the 
same  ends.  By  reducing  the  number  of  variables  and  hence  the  quantity 
of  routine  work,  a  computer  can  be  considered  a  diagnostic  aid  to  the 
physician. 

As  a  result  of  these  earlier  studies,  we  can  generalize  that  a  field  in 
medicine  has  a  level  of  sophistication  required  for  productive  computer 
analysis  of  its  data  and  for  automation  when  the  data:  (1)  is  in  a  form 
suitable  for  computer  input,  such  as  an  electrophysiologic  signal;  (2)  is 
of  a  quantitative  nature;  and  (3)  represents  points  that  are  pertinent  and 
can  be  weighted  in  reference  to  each  specific  disease  or  item  to  which 
they  are  related.  Moreover,  the  field  has  the  sophistication  required  for 
computer  analysis  if  the  results  of  the  analysis  will  aid  the  work  of  the 
physician . 

We  can  also  suggest  that,  in  order  for  computers  to  be  used  eventually 
as  aids  in  diagnosis,  we  should  use  computers  to  obtain  the  basic  knowl¬ 
edge  that  will  allow  us  to  obtain  statistical  correlations  that  have  physi¬ 
ologic  meaning.  In  the  diagnostic  process  this  implies  that  the  computer 
should  be  used  to  aid  the  physician  in  those  phases  in  which  medical 
diagnostic  logic  is  weak  and  not  be  misapplied  to  phases  in  which  it  is 
strong. 

It  is  therefore  useful  to  consider  the  nature  of  diagnostic  logic.  To 
return  the  diagnosis,  the  physician  may  go  through  an  interpretative 
process  in  a  split  second  by  perhaps  simply  looking  at  the  patient,  or  he 
may  correlate  large  amounts  of  data.  Ledley  and  Lusted,**  after  exten¬ 
sive  review  of  medical  diagnosis,  concluded  that,  as  practiced  today, 
it  is  of  a  probabilistic  nature.  They  state:  “The  probabilistic  concepts 
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inherent  in  medical  diagnosis  arise  because  a  medical  diagnosis  can 
rarely  be  made  with  absolute  certainty:  [hence]  the  end  result  of  the 
diagnostic  process  usually  gives  a  ‘most  likely’  diagnosis.”  Those 
statements  are  true  because  the  input  data  for  the  diagnosis  are,  neces¬ 
sarily,  incorrectly  defined,  not  precise  enough,  or  not  accurate. 

Utilization  of  a  computer  in  a  simulation  of  diagnosis  with  the  same 
type  of  data  used  by  the  physician  does  not  fulfill  its  capabilities.  If  the 
input  data  are  not  more  precise  or  all-  encompassing,  the  computer’s 
answer  will  be  no  better  and  of  much  less  value  than  the  physician’s. 
If  the  input  data  used  in  a  computer  diagnosis  are  the  accumulation  of 
facts  and  figures  gathered,  interpreted,  or  validated  by  many  hours  of 
examinations,  tests,  or  questioning  periods,  it  is  underutilization  of  the 

I  human  mind  to  ask  it  not  to  arrive  at  an  answer  but  to  await  that  of  the 
computer.  The  computer  is  underutilized  and  unnecessary  if  it  is  not 
used  to  obtain  better  definition  and  greater  precision  of  measurement  and 
I  accuracy  of  objective  data  for  the  diagnostic  process.  By  narrowing  the 
role  of  the  computer  tc  this  type  of  function,  we  shall  actually  enlarge 
the  horizon  for  the  computer  itself.  A  proper  utilization  of  a  computer  for 
I  the  present  is  to  use  it  to  identify  and  define  those  things  that  will  help 
us  in  our  immediate  needs  to  establish  diagnostic  accuracy. 

In  view  of  these  considerations,  our  current  efforts  have  been  directed 
to  obtain  a  set  of  precise  values  suitable  for  machine  analysis.  In  this 
effort  we  have  limited  ourselves  to  the  electrocardiogram  as  the  most 
suitable  model  for  this  demonstration  because  of  the  large  backlog  of 
data  on  subjects  known  to  be  normal  or  abnormal.  The  wide-spread  use 
of  electrocardiograms  is  additionally  valuable  for  future  statistical  vali- 
I  dation  of  the  results  of  data  analysis  by  computer. 

Electrocardiographic  leads  obtained  from  normal  individuals  were 
'  recorded  each  for  1  min.  with  frequency  modulation  on  magnetic  tape. 

!  Standard  Leads  2  and  V  3  were  selected  under  the  assumption  that  these 

j  two  leads  would  give  a  range  of  patterns  wide  enough  to  determine 

whether  automatic  wave  pattern  recognition  and  measurement  can  be 
j  delineated  for  a  computer.  The  analogue  signal  was  converted  to  digital 

I  values  at  625  samples  per  second  and  the  values  stored  on  punch  cards 

for  analysis  by  a  general  purpose  computer. 

Criteria  used  by  electrocardiographers  objectively  and  subjectively 
for  wave-form  identification  were  studied  prior  to  formulating  a  program 
1  for  pattern  recognition.*^  A  differentiation  was  made  between  the  criteria 

I  that  an  electrocardiographer  utilizes  for  recognition  of  wave  forms  and 

I  the  criteria  he  utilizes  to  make  a  diagnostic  interpretation  of  the  wave 

form.  Recognition  of  the  electrocardiographic  wave  form  depends  on  the 
slope  and  amplitude  and,  to  a  lesser  extent,  on  the  duration.  In  inter¬ 
pretation  the  most  prominent  criteria  are  duration  and  amplitude. 

Since  slope  is  a  function  of  the  frequency  content  of  the  wave  form, 
the  computer  program  for  wave  recognition  utilizes  it  in  combination 
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with  wave  amplitude.  The  first  requirement  of  the  program  was  to  detect 
a  component  of  the  electrocardiographic  wave  form  to  identify  a  heart 
cycle.  This  was  done  by  locating  the  R  or  the  S  wave  peak.  The  method 
is  to  locate  the  maximum  negative  slope  of  the  electrocardiogram  using 
the  maximum  negative  amplitude  in  the  first  derivative  of  the  electro* 
cardiogram.  Criteria  using  time  intervals  based  on  standard  electrocar¬ 
diographic  data  are  incorporated  to  identify  peaks  of  waves  in  standard 
electrocardiograms  before  and  after  the  RS  segment  of  the  differentiated 
lead.  Two  cycles  are  identified  and  the  heart  rate  is  determined.  The 
baseline  is  identified  as  an  area  of  least  voltage  fluctuation  between  the 
T  peak  of  the  first  cycle  and  the  P  peak  of  the  second.  These  points 
between  two  cycles  are  connected  to  form  this  baseline  from  which 
amplitudes  of  the  peaks  of  the  waves  are  to  be  measured.  Onset  and  ter¬ 
mination  of  the  waves  are  then  determined  by  using  definitions  based  on 
associations  of  current  electrocardiographic  knowledge  of  expected  time 
of  onset  and  termination  of  waves  and  actual  amount  and  rate  of  change 
in  signal  strength  within  the  range  of  the  expected  time  of  change. 

This  program  has  been  used  productively  in  preliminary  tests.  In 
order  to  convert  it  into  a  clinically  useful  diagnostic  tool,  the  next  phase 
of  the  project  is  to  establish  a  methodology  for  use  of  the  automatically 
derived  data.  Any  statistical  technique  may  be  selected  to  group-curve 
measurements  and  to  program  the  results  as  an  interpretation  of  the  type 
familiar  to  physicians.  Ultimately  the  project  will  establish  the  degree 
of  probability  that  the  electrical  interpretation  and  the  “clinical  diag¬ 
nosis’*  are  congruent.  Such  a  system  will  provide  a  laboratory-derived 
interpretation  that  will  sharpen  diagnostic  acumen  and  will  define  the 
capabilities  of  the  computer  to  serve  the  cause  of  medicine. 
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Introduction 

During  the  past  several  years,  a  swiftly  growing  level  of  interest  in 
the  use  of  computers  in  medicine  and  biology  has  focused  on  their  use 
as  aids  in  the  diagnosis  of  disease  in  humans.  Several  investigations*** 
have  shown  promise  in  this  direction;  from  them  one  can  conclude  that, 
when  the  input  data  are  quantitatively  accurate  and  extensive,  computers 
can  indeed  render  excellent  diagnostic  aids.  Computers  commonly  have 
been  used  for  standard  statistical  analyses  of  biological  and  epidemio¬ 
logical  problems. 

Others’  have  reported  proposals  of  methods  of  diagnostic  logic;  meth¬ 
ods  of  automatically  obtaining  input  data  for  a  computer  have  been  ex¬ 
perimented  with  on  occasion.* 

Thus  the  use  of  computers  as  diagnostic  aids  is  being  undertaken 
today  with  great  enthusiasm,  with  the  promise  of  success  at  least  on  the 
theoretical  level,  and  with  hopes  of  success  on  the  clinical  level. 

Problem  Statem&it  and  Approach 

Our  aim  in  undertaking  the  work  reported  here  was  to  demonstrate  that 
a  computer  can  be  a  positive  aid  to  a  physician  in  the  diagnosis  of 
disease,  where  quantitative  measures  of  the  disease  entity  are  available. 
The  original  concepts  for  this  work  were  based  in  part  on  ideas  con¬ 
ceived  by  Arthur  E.  Rikli,  Heart  Disease  Control  Program,  Division  of 
Special  Health  Services,  Public  Health  Service,  Bethesda,  Md. 

We  selected  one  of  the  body  systems,  the  cardiovascular  system,  as 
the  subject  for  this  pilot  investigation. 

To  increase  the  opportunity  of  contributing  new  knowledge  to  this 
field,  the  input  data  to  the  computer  were  obtained  from;  (1)  the  electro¬ 
cardiogram  (ECG)  providing  the  quantitative  input  data  heavily  depended 
upon  by  cardiologists,  (2)  the  ballistocardiogram  (BCG)  providing  input 
data  obtained  from  the  mechanical  characteristics  of  the  heart,  (3)  the 

*This  papar  was  the  third  of  three  papers  presented  at  a  meeting  of  the  Diviaion  on 
December  13,  1960.  The  work  reported  here  was  supported  in  part  by  the  Heart  Disease 
Control  Program,  Division  of  Special  Health  Services,  Public  Health  Service,  Bethesda, 
Md.  and  the  Airborne  Instrtiments  Laboratory  Division  of  Cutler-Hammer,  Inc.,  Deer 
Park,  N.  Y. 
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phonocardiogram  (PCG)  providing  input  data  obtained  from  the  valvular 
actions  of  the  heart,  and  (4)  the  arterial  pulse  wave  (AP)  providing  a 
reflection  of  the  arterial  system.  The  multiplicity  of  data  sources  was 
selected  to  provide  as  much  simultaneous  information  about  the  heart  as 
practicable.  Furthermore,  knowing  that  we  should  have  access  to  high* 
speed  computer  analysis,  the  full  exploitation  of  the  simultaneous  dy* 
namics  of  the  heart  action  became  feasible. 

Experimental  Methods 

Selection  of  disease  entity  and  experimental  subjects.  The  pathologi¬ 
cal  condition  chosen  for  this  experiment  was  left-ventricular  hypertrophy, 
which  can  be  caused  by  hypertension  and  by  aortic  valvulitis. 

A  group  of  15  subjects  showing  hypertrophy  of  the  left  ventricle 
caused  by  hypertension  as  determined  by  ECG  and  blood  pressure  in 
excess  of  160  mm.  and  a  group  of  15  subjects  showing  hypertrophy  of  the 
left  ventricle  caused  by  aortic  valvulitis  were  selected.  A  control  group 
of  15  normals  was  selected  on  the  basis  of  the  best  age  and  sex  match 
that  was  practicable. 

Instrumentation.  Figure  1  shows  the  system  used  to  record  simulta¬ 
neously  the  four  manifestations  of  heart  action,  and  the  characteristic 
wave  forms  of  each  recording  channel.  The  four  sensors  will  be  described 
briefly. 
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Of  greatest  interest  to  clinicians  is  the  electrocardiogram.  Standard 
limb  leads  I,  III,  and  precordial  lead  V  5  were  taken  with  conventional 
techniques  and  were  brought  to  recording  level  by  our  custom  transis¬ 
torized  amplifiers.  The  band  pass  was  0.1  to  200  cps. 

The  arterial  pulse  was  sensed  with  a  condenser  microphone  held  over 
the  brachial  artery  by  a  pediatric  sphygmomanometer  cuff  inflated  to  the 
neighborhood  of  the  diastolic  pressure. 

The  phonocardiogram  was  sensed  with  an  Altec  Lansing  contact 
microphone,  M21A,  and  passed  the  band  of  0.5  to  400  cps.  This  band  was 
reduced  by  filters  to  50  to  400  cps  to  eliminate  the  ballistic  frequencies. 

The  BCG  was  of  special  low-mass  kinematic  design.  Its  resonant 
frequency  was  adjusted  to  0.3  cps,  and  its  motion  was  damped  to  0.2  of 
critical.  The  velocity  of  the  table  was  sensed  by  a  magnet-coil  combina¬ 
tion,  differentiated,  and  recorded  as  the  acceleration  BCG.  The  outputs 
of  each  channel  were  fed  to  a  Visicorder. 

As  shown  in  figure  2,  all  of  these  sensors,  their  transistorized 
amplifiers,  and  signal  operators  were  combined  as  a  portable  assembly 
for  ease  of  moving  into  and  out  of  the  clinical  environments. 

Figure  3  shows  representative  wave  forms  from  each  recording 
channel.  The  dots  on  each  wave  form  represent  those  epochs  of  ampli¬ 
tude,  time,  and  slope  that  were  manually  measured  and  recorded  for  each 
complete  heartbeat.  Thus  from  1  heartbeat  41  dynamic  datum  points  were 
measured,  the  ECG  providing  12,  the  PCG  6,  the  BCG  12,  and  the  AP  11. 
In  addition,  4  static  datum  points  were  recorded:  age,  weight,  pulse  pres¬ 
sure,  and  systolic  blood  pressure. 

Complete  measurements  were  made  on  five  heartbeats  from  each  sub¬ 
ject.  This  was  done  to  obtain  records  during  similar  portions  of  the  res¬ 
piratory  cycle  and  to  enable  the  selection  of  heartbeats  that  have  the 
least  interference  from  external  sources,  thereby  achieving  a  reliable 
average  description.  The  average  values  of  each  point  were  entered  onto 
punched  cards  and  were  the  basic  input  data  for  the  subsequent  compu¬ 
tations. 

Analysis  and  Results 

Figure  4  is  a  flow  diagram  of  the  calculations  that  were  performed 
on  the  45  measurements  from  each  of  the  45  subjects:  2025  input  numbers 
in  all. 

First,  the  means  (averages)  of  each  of  the  45  variables  were  cal¬ 
culated  for  the  normal  group,  for  the  aortic  valvulitis  group,  and  for  the 
hypertensive  group.  Our  values  checked  well  with  those  in  the  litera¬ 
ture.’ 

Next,  the  variance  (the  square  of  the  standard  deviation)  of  each  of 
the  45  variables  about  their  means  was  calculated  for  each  of  the  3 
groups  of  subjects.  The  large  variability  of  most  of  the  variables  did  at 
first  raise  a  serious  question  in  our  minds  of  success  in  this  approach. 


Figure  2.  Physiological  monitoring  system. 
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Figure  3.  Data  points  of  time-related  events. 
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The  calculation  of  many  of  these  means  and  variances  has  been  done 
before  and  is  simple  to  carry  out.  However,  when  one  approaches  the  cal¬ 
culation  of  the  correlation  coefficients  of  a  matrix  of  45  by  45  elements, 
then  the  computation  time  becomes  enormous  and,  in  fact,  is  not  feasible 
without  the  aid  of  the  modern  computer.  With  the  computer,  the  990  cor¬ 
relation  coefficients  were  calculated  for  each  of  the  3  groups  of  subjects. 

At  this  point,  there  is  now  a  host  of  numbers;  45  means,  45  variances, 
and  990  correlation  coefficients  for  each  group.  It  seems  abundantly  clear 
that  simple  human  inspection  of  these  3240  numbers  will  not  yield  re¬ 
warding  diagnostic  information.  Again,  the  computer  was  used  to  help 
sort  and  weigh  this  great  amount  of  data. 

The  next  process  is  that  of  calculating  the  significance  of  each  of 
1080  means,  variances,  and  correlation  coefficients  of  each  group  to 
determine  which  of  the  basic  variables  were  significant  in  distinguishing 
between  the  normal  and  the  nonnormal  subjects  and  distinguishing  be¬ 
tween  the  two  nonnormal  groups  of  subjects.  The  calculations  of  the  sig¬ 
nificances  are  standard  statistical  methods*  and  were  the  modified  T-test, 
the  F-test,  and  the  Z-test,  respectively.  The  most  important  results  are 
shown  in  figures  5  and  6. 

Figure  5  shows  two  sets  of  results  describing  the  significance  of 
the  variables  in  distinguishing  the  normals  from  the  hypertensives.  At 
the  left,  from  top  to  bottom,  are  the  symbols  of  each  of  the  45  variables 
measured;  the  12  ECG  variables  (for  example,  the  P-amplitude  and  the 
Q-amplitude),  the  next  6  are  the  PCG  variables,  the  12  BCG  variables, 
and  the  arterial  pulse  and  static  variables. 

The  next  column  has  opaque  entries  when  the  mean  of  that  variable  is 
significant  at  the  99.9  per  cent  level  or  greater  in  distinguishing  between 
normal  and  hypertensive.  Only  2  ECG  variables,  1  PCG  variable,  5  BCG 
variables,  and  2  static  variables  are  so  highly  significant.  At  the  95  per 
cent  level  of  significance  the  number  of  variables  doubles. 

The  next  column  has  opaque  entries  where  the  variances  are  signifi¬ 
cant  at  the  99.9  per  cent  level  or  greater.  This  is  not  a  measure  com¬ 
monly  used  in  physical  experiments  and  requires  some  explanation.  In 
experiments  where  one  is  concerned  with  probability  calculations  the 
breadth  of  the  scatter  of  any  variable  is  as  important  a  description  of 
that  variable  as  its  mean  is. 

The  mean  and  the  variance  can  be  thought  of  as  the  resonant  fre¬ 
quency  and  its  Q  respectively.  It  is  noted  that  some  variables  are  signif¬ 
icant  in  both  the  mean  and  variance  and  some  are  significant  in  only  one 
or  the  other. 

Thus  it  is  seen  that  each  of  the  four  physical  manifestations  of  the 
heart  action  have  one  or  more  variables  highly  significant  in  distinguish¬ 
ing  normal  subjects  from  those  with  left  ventricular  hypertrophy  due  to 
hypertension. 

The  next  question  fundamental  to  this  investigation  is;  Are  there  any 
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Figure  5.  Significant  variables  (>  99.9  per  cent),  hypertensive  versus 
normal. 


correlations  among  the  electrical,  mechanical,  and  acoustical  character¬ 
istics  of  heart  action  that  can  help  distinguish  between  normal  and  path¬ 
ological  states? 

Figure  5  shows  these  results.  The  rows  across  the  top  are  dupli¬ 
cates  of  the  first  3  columns  to  construct  the  correlation  matrix.  Since  the 
correlation  between  variables  13  and  15  is  the  same  as  15  and  13,  only 
one  half  the  matrix  is  needed.  Each  opaque  entry  shows  that  the  cor¬ 
relation  between  these  2  variables  is  significant  at  the  99.9  per  cent 
level  or  greater. 

It  was  tremendously  rewarding  and  unexpected  to  find  such  a  large 
number  of  highly  significant  correlations  (69)  between  these  quantitative 
variables.  These  results  are  unavailable  without  access  to  a  computer, 
and  they  impress  one  with  the  new  things  that  can  be  discovered  by  its 
proper  use. 

Figure  6  shows  the  results  of  the  significance  tests  between  normal 
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Figure  6.  significant  variables  (>  99.9  per  cent),  aortic  valvulitis  versus 
normal. 


and  aortic  valvulitis.  Several  variables  from  each  of  the  manifestations 
of  heart  action  are  significant  in  their  means  and  variables.  There  are 
104  correlation  coefficients  that  are  highly  significant  in  distinguishing 
between  the  normal  and  valvulitis  groups. 

These  last  two  figures  represent  an  embarrassment  of  riches.  How 
does  one  explain  on  physiological  or  anatomical  grounds  the  correlation 
between  the  duration  of  the  K*wave  of  the  BCG  and  the  amplitude  of  the 
first  heart  sound,  or  the  interval  between  the  Q-wave  and  the  T-wave  of 
the  ECG?  Each  significant  correlation  is  a  question  to  be  explained  in 
physiological  terms.  There  are  probably  two  classes  of  significant  cor¬ 
relations.  The  first  class  represents  correlations  within  one  physio- 
I  logical  manifestation,  such  as  the  BCG.  If  the  H-wave  is  large>  it  is 

1  likely,  on  mechanical  grounds,  that  the  I-wave  and  J-wave  will  be  large 

too.  Thus  a  certain  amount  of  redundancy  of  some  of  the  significant 
correlations  is  expected. 
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The  second  class  of  significant  correlations  are  those  that  exist 
principally  between  the  several  physiological  manifestations.  A  few  of 
these  correlations  within  the  ECG  matrix  are  known  to  cardiologists,  but 
most  of  the  rest  represent  new  medical  knowledge  that  will  require  a 
great  amount  of  investigation  to  clarify  and,  when  accomplished,  will 
yield  a  large  new  body  of  knowledge  concerning  the  action  of  the  heart 
in  the  normal  and  diseased  states. 

Finally,  how  does  one  use  these  data  in  a  practical  way  to  allow  a 
computer  to  classify  a  given  individual  as  normal  or  having  one  pathology 
or  another? 

Toward  this  end,  the  means,  variances,  and  correlation  coefficients 
were  used  to  establish  a  multidimensional-probability  distribution  for 
each  of  the  three  groups  of  subjects.  This  structure  allows  the  calcula¬ 
tion  of  the  probability  that  a  given  individual  will  belong  to  any  of  the 
three  groups. 

Because  of  the  higher  degree  of  acceptability  of  the  ECG  by  cardiolo¬ 
gists,  the  next  several  figures  will  show  the  results  of  the  probability 
calculations  wherein  ECG  variables  only  ate  employed. 

Figure  7  shows  the  results  of  the  probability-density  calculations 
and  how  they  distinguish  the  hypertensives  from  the  other  two  groups. 
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PROBABILITY  DENSITY 
(ORDERS  OF  MAGNITUDE) 

Figure  7.  Distribution  of  probability  densities  (hypertensive  versus  others). 

The  right-hand  curve  shows  the  per  cent  of  the  hypertensive  having  a 
probability  density  greater  than  the  abscissa;  the  left-hand  curve  shows 
the  per  cent  of  the  normal  plus  valvulitis  groups  having  a  probability 
density  less  than  the  abscissa.  These  two  distributions  clearly  divide 
the  two  populations  of  the  subjects,  although  only  by  a  narrow  margin. 

Figure  8  shows  the  distinction  between  the  valvulitis  group  and  the 
other  two  groups.  The  shapes  of  the  distribution  curves  are  clearly  and 
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PROBABILITY  DENSITY 
(ORDERS  OF  MAGNITUDE) 


Figure  8.  Distribution  of  probability  densities  (aortic  valvulitis  versus 
others) . 


widely  separated.  The  data  from  one  subject  in  the  valvulitis  group  di¬ 
verges  widely  from  the  rest  of  the  data  in  this  group  and  does  create  a 
region  of  overlap  of  the  two  populations.  The  reason  for  this  unfitting 
divergence  may  be  uncovered  in  subsequent  study. 

Figure  9  shows  the  distinction  between  normal  and  pathological 
groups,  with  a  very  wide  separation  of  the  two  populations. 

This  same  sort  of  analytical  procedure  was  carried  out  with  each  of 
the  other  physiological  measurements  individually.  In  summary,  the  ECG, 
the  BCG,  and  the  AP  could  separate  cleanly  the  normals  from  the  non¬ 
normals,  The  phonocardiogram  could  not  do  so. 
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Figure  9.  Distribution  of  probability  densities  (normal  versus  others). 
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The  BCG  and  the  ECG  could  separate  very  well  the  hypertensives  and 
the  valvulitis  groups  from  the  others;  the  AP  could  not. 

Each  physiological  variable  has  something  to  offer  in  distinguishing 
between  these  groups  of  subjects.  What,  then,  will  be  the  result  of  com¬ 
bining  the-  diagnostic  capabilities  of  edl  the  variables  at  once,  rather 
than  one  by  one?  Figure  10  shows  just  this  calculation  employing  the 
significant  variables  for  all  of  the  4  physiological  attributes.  Here  the 
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FIGURE  10.  Distribution  of  probability  densities  (based  on  all  variables). 

gap  between  the  principal  distributions  of  the  normal  group  from  the  non¬ 
normal  group  has  widened  29  orders  of  magnitude  over  the  use  of  the  ECG 
alone.  Curiously  enough,  there  was  only  a  modest  (2  orders  of  magni¬ 
tude)  increase  in  the  separation  of  the  hypertensives  from  the  others  and 
a  worsening  of  the  separation  between  the  valvulitis  and  the  others. 

Conclusions 

The  data  presented  show  the  following; 

(1)  The  electrical,  mechanical,  and  acoustical  properties  of  heart  func¬ 
tion  and  the  AP  can  be  quantitated  with  reliability  and  adequate  accuracy. 

(2)  Some  characteristics  of  each  of  these  wave  forms  are  highly 
effective  in  discriminating  between  normal  and  left  ventricular  hyper¬ 
trophy,  and  differentially  discriminating  between  its  causes:  hypertension 
or  aortic  valvulitis. 

(3)  Many  highly  significant  correlations  between  normal  and  patho¬ 
logical  conditions  shown  to  exist  were  discovered  between  the  several 
physical  manifestations  of  heart  action. 

(4)  Based  on  the  data  from  the  ECG  alone,  the  multidimensional 
probability  distributions  for  normal,  aortic  valvulitis,  and  hypertension 
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were  computed.  These  probability  distributions  impressively  separated 
the  three  experimental  groups. 

(5)  Based  on  variables  from  the  BCG,  PCG,  and  AP,  in  addition  to  the 
ECG,  the  separation  between  the  3  groups  of  subjects  was  increased 
tremendously  (29  orders  of  magnitude)  between  the  normals  and  non¬ 
normals. 

(6)  The  use  of  a  general-purpose  digital  computer  in  the  study  of 
quantitative  physiology  permits  comprehensive  inflow  of  data  and  can 
treat  data  from  many  points  of  view  impossible  to  approach  by  manual 
methods,  thereby  opening  the  door  to  accelerated  and  more  penetrating 
studies  of  human  functions  and  to  improved  diagnostic  skill. 

Remarks 

The  necessity  of  using  manual  methods  of  coding  the  several  physio¬ 
logical  waveforms  limited  the  number  of  subjects  that  were  used  in  this 
pilot  study  and  the  number  of  cardiovascular  diseases  that  could  be 
studied.  This  paucity  of  subject  data  is  the  most  severe  limitation  of 
this  pilot  study.  Before  these  methods  can  be  used  widely,  and  with  a 
more  satisfying  statistical  base,  automatic  methods  for  coding  the  input 
will  have  to  be  achieved. 

The  directors  of  the  Heart  Disease  Control  Program  have  long  recog¬ 
nized  this  limitation  and  have  established  a  project  on  automatic  pattern 
recognition  and  measurement  at  Airborne  Instruments  Laboratory.  The 
objective  is  to  be  able  to  accept  ECG  data  in  real  time  and  to  have  the 
principal  amplitudes  and  intervals  automatically  recognized  and  measured. 

We  have  constructed  a  logical  structure  for  attaining  this  objective. 
This  logic  has  been  tried  on  several  typical  ECGs  and  the  results  are 
very  encouraging.  A  general-purpose  digital  computer  is  currently  being 
programmed  to  carry  out  this  logic  automatically.  Once  this  technique  is 
mastered,  it  is  clear  that  the  development  of  these  methods  to  yield  ac¬ 
curate,  swift,  and  economical  diagnostic  aids  can  proceed  at  a  much 
faster  rate. 

Although  this  discussion  has  centered  on  the  dynamic  analysis  of 
cardiovascular  disease,  it  is  clear  that  the  methods  used  here  are  quite 
general  in  their  application.  We  hope  that  this  present  example  will  en¬ 
courage  others  to  take  advantage  of  this  way  to  discovery  in  medicine 
and  biology. 
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DIVISIOX  Oh'  OCFAXOGRAPIIY  AND  MRTWROlJOGY 


THE  INFLUENCE  OF  NUMERICALLY  PRODUCED  ANALYSES  AND 
PROGNOSES  UPON  THE  CONVENTIONAL-SYNOPTIC  PRODUCTS  OF 
THE  NATIONAL  WEATHER  ANALYSIS  CENTER* 

Frank  W.  Burnett 

National  Weather  Analysis  Center 
United  States  Weather  Bureau,  Suitland,  Md. 

Techniques  and  procedures  forming  the  basis  for  analyses  and  fore¬ 
casts  originating  at  the  United  States  Weather  Bureau’s  National  Mete¬ 
orological  Center  have  always  been  subject  to  continuous  review  and 
modification,  but  this  review  has  been  considerably  intensified  during  the 
past  few  years.  This  has  been  brought  about  by  the  establishment  of  the 
operational  Joint  Numerical  Weather  Prediction  (JNWP)  Unit  within  the 
National  Meteorological  Center  and  especially  by  the  improvements  in 
numerical-prediction  techniques.  The  purpose  of  this  discussion  is  to 
describe  those  broad  areas  where  dynamical  approaches  directed  toward 
solving  our  day-to-day  forecasting  problems  have  made  significant  in¬ 
roads,  or  have  even  replaced,  the  previously  used  conventional  or  syn¬ 
optic  approaches. 

This  description  will  include:  first,  a  summary  of  synoptic  practices 
used  to  attack  the  analysis  and  forecasting  problems  as  they  existed 
prior  to  the  advent  of  numerical  products;  second,  an  outline  of  the 
development  of  numerical  prediction  techniques;  third,  steps  that  have 
been  taken  within  the  Analysis  Center  to  combine  these  two  approaches, 
the  goal  being  to  disseminate  the  best  final  result  at  operationally  use¬ 
ful  times;  and  finally,  to  evaluate  the  extent  that  these  steps  have  re¬ 
sulted  in  improved  products. 

A  publication  Synoptic  Meteorology  as  Practiced  by  the  National 
Weather  Analysis  Center, prepared  by  the  Center  (NAWAC),  is  now 
available  and  has  been  recently  distributed.  This  describes  the  opera¬ 
tional  practices  as  of  a  few  months  ago,  and  much  of  the  content  of 
this  paper  is  contained  in  this  publication.  However  we  are  going  back 
in  time,  even  a  little  further,  to  take  a  look  at  the  conventional  approaches 
before  1955. 

The  more  important  tools  that  the  synoptic  meteorologist  has  had  at 
his  disposal  include: 

(1)  The  geostrophic  and  thermal  wind  equations.  Here  we  do  not  imply 
that  these  are  used  exactly  but,  knowing  both  their  limitations  and  the 
limitations  of  the  data,  they  do  exert  a  marked  control  over  the  possible 
courses  an  analysis  can  take. 

(2)  The  hydrostatic  equation  that  defines  the  vertical  variation  of 

•This  paper,  illustrated  with  slides,  was  presented  at  a  meeting  of  the  Division  on 
November  22,  I960, 
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pressure  as  a  function  only  of  density,  or  through  the  equation  of  state 
for  moist  air  as  a  function  of  pressure  and  virtual  temperature. 

(3)  Empirical  relationships  and  correlations  between  various  par* 
ameters. 

(4)  Models  that  describe  geometrical  patterns  of  one  of  the  atmos¬ 
pheric  parameters  or  its  relationship  to  another.  This  includes  synoptic 
persistence  or  the  maintenance  without  change  with  time,  the  relation¬ 
ship  of  the  pattern  of  one  variable  with  respect  to  another.  The  Nor¬ 
wegian  frontal  model  and  its  accompanying  isobaric  patterns  or  the 
pattern  of  thickness  contours  associated  with  surface  frontal  or  pressure 
systems  represent  examples  of  very  useful  models. 

Emphasis  is  placed  on  the  analysis  of  the  surface  pressure  pattern, 
the  1000  to  500-mb.  thickness  field  and  the  500-mb.  contour  field.  Statis¬ 
tical  estimates  of  almost  all  other  analyses  can  be  derived  from  one  or 
two  of  the  basic  analyses.  All  of  the  estimated  or  derived  charts  that  we 
refer  to  as  "build-up”  analyses  are  of  course  modified  to  fit  as  many  of 
the  observations  as  possible.  Analyses  based  on  these  procedures  have 
the  advantage  of  maintaining  a  high  degree  of  internal  consistency  es¬ 
pecially  when  one  considers  that  a  large  number  of  analysts  are  working 
on  each  set  of  analyses  under  rigid  deadline  conditions.  The  analyses  of 
a  complete  set  of  charts  proceeds  as  follows: 

(1)  Surface  analysis. 

(2)  Conversion  of  mean  sea-level  pressure  to  1000  mb.  analysis, 
assuming  surface  temperature  equal  to  mean  virtual  temperature  of  the 
layer  between  the  sea-level  surface  and  1000  mb. 

(3)  The  1000  to  500-mb.  thickness  chart  is  analyzed  using  models 
relating  thicknesses  to  surface  frontal  and  pressure  systems,  computa¬ 
tions  based  on  observed  surface  temperatures  and  advected  500-mb. 
temperatures  from  previous  analysis,  persistence  of  thickness  values  and 
gradients  with  respect  to  fronts,  high  and  low  pressure  centers. 

(4)  The  500-mb.  analysis  is  then  obtained  by  simply  adding  the 
1000-mb.  and  thickness  charts. 

Now  adopting  the  following  symbols  and  notation  to  quickly  describe 
the  remaining  analysis  steps: 

=  constant  pressure  chart  at  x  centibars 

xZy  =  thickness  chart  between  pressure  levels  x  and  y, 

X  omitted  when  reference  is  to  1000  mb. 

t,  =  temperature  at  level  x  in  centibars 
- »  statistical  conversion  using  relations  given. ‘ 

(5)  Zf  ^  Z»,  t7,  ts . 
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(9)  I  Z,  - >  t,  within  troposphere,  stratospheric  isotherm  models 

used  above  tropopause, 

(10)  H,  - 

(11)  Jet  axes  associated  with  the  zones  of  maximum  ts  gradient. 

(12)  Height  of  maximum  wind  and  tropopause  related  to  Zj,  t, . 

(13)  Horizontal  wind  shear  consistent  with  jet  stream  model.  Anti* 
cyclonic  shear  greater  than  Coriolis  parameter  not  analyzed. 

(14)  Isotach  analyses  based  on  geostrophic  wind  equation  with  quali¬ 
tatively  derived  curvature  corrections. 

Again  it  should  be  stressed  that  the  empirically  derived  charts  repre¬ 
sent  only  the  first  approximation.  Adjustments  to  bring  them  into  more 
reasonable  agreement  with  observed  data  or  on  the  basis  of  logical  con¬ 
tinuity  from  previously  observed  data  represent  an  important  part  of  anal¬ 
ysis  construction. 

Going  now  into  the  forecasting  processes,  some  of  the  more  important 
'  prognostic  tools  have  included: 

(1)  Extrapolation. 

!  (2)  Movements  from  tendency  field. 

(3)  Empirical  rules  and  models  for  shapes  and  motions  of  pressure 
and  weather  patterns. 

(4)  Synoptic  persistence  of  one  pattern  with  respect  to  another. 

(5)  Objective  systems  for  displacement  of  centers. 

I  (6)  Rossby  and  Petterssen  wave  speed  formulae. 

(7)  Constant  absolute  vorticity  trajectory  computations. 

(8)  “Wilson  grid”  computations. 

(9)  Qualitative  use  of  Sutcliff-development  term  for  determining  sign 
of  vertical  motion  from  thickness  patterns. 

The  procedures  for  constructing  a  complete  set  of  prognostic  charts 
^  follow  the  same  lines  as  described  above  for  the  analyses;  such  pro¬ 
cedures  generally  place  the  greatest  weight  on  the  surface  prognosis  for 
the  success  of  the  complete  set  of  prognostic  charts. 

Continuing  to  the  second  point  in  this  discussion  calls  for  a  summary 
I  of  numerical  prediction  models.  The  JNWP  unit  began  their  operational 
j  output  in  1955.  This  consisted  of  predictions  using  a  3-level  model, 

)  namely  900  mb.,  700  mb.,  and  400  mb.,  over  an  area  only  slightly  larger 

than  the  contiguous  48  states.  The  assumptions  in  this  model  led  to 
,  excessive  overprediction  of  cyclogenesis;  this,  together  with  consider- 
i  able  error  due  to  the  boundary  assumptions  at  the  restricted  area,  made 
1  it  of  little  direct  use. 

A  simple  barotropic  model  for  the  500-mb.  level  was  the  next  addition 
)  to  the  program.  While  this  was  as  successful  at  the  500-mb.  level  as  the 
more  complicated  3-level  baroclinic  model,  the  restricted  area  and  other 
t  poor  assumptions  still  did  not  result  in  forecasts  better  than  those  pre- 
5  pared  by  conventional  methods. 

I  During  the  next  3  years,  improved  baroclinic  models  were  introduced. 
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notably  the  “theromotropic”  model  consisting  of  two  levels  of  informa¬ 
tion  at  1000  mb.  and  500  mb.  The  area  was  expanded  to  include  all  of 
North  America,  the  Pacific  and  extreme  eastern  Asia,  and  the  Atlantic 
and  western  Europe.  Model  changes  included  the  use  of  a  “balanced" 
wind  rather  than  the  geostrophic  wind.  A  larger  and  faster  computer  was 
installed  during  this  period  but,  even  with  these  improvements,  the  com¬ 
bination  of  errors  and  lateness  of  receipt  still  did  not  make  the  numerical 
product  a  significant  contributor  toward  the  total  NAWAC  product. 

Three  significant  developments  occurred  during  1958  that  decidedly 
changed  this  trend.  The  first  of  these  was  the  completion  of  the  Auto¬ 
matic  Data  Processing  (ADP)  program.’,*  This  permitted  complete  ma¬ 
chine  analyses  and  made  possible  the  second  development  of  nearly 
complete  hemispheric  analyses  with  boundaries  well  southward  into  the 
tropics.  The  third  and  most  significant  scientifically  was  the  elimination 
of  model  errors  due  to  retrogression  of  the  long  waves.  These  have  been 
described  by  Wolff*  and  Cressman.’  Up  to  this  time  the  barotropic  model 
was  a  completely  nondivergent  one.  Sufficient  divergence  exists  in  the 
present  barotropic  model  to  control  the  motions  of  the  long  waves  and, 
at  the  same  time,  has  little  effect  on  the  speeds  of  the  shorter  wave¬ 
length  systems. 

The  improvement  in  the  forecasts,  the  expansion  of  the  grid  to  include 
most  of  the  hemisphere,  and  introduction  of  ADP,  which  resulted  in  much 
faster  processing  and  completion  time  of  the  numerical  forecasts,  had  a 
definite  influence  on  the  NAWAC  procedures. 

During  this  same  period  a  different  baroclinic  model  was  introduced 
using  the  850-mb.  and  500-mb.  information  levels  but  meshing  the  pre¬ 
dictions  into  the  500-mb.  barotropic  height  forecasts.  This  model  has 
given  better  results  for  the  lower  levels  than  earlier  baroclinic  ones  but 
still  does  not  go  very  far  in  describing  developing  situations.  The  verti¬ 
cal  motion  by-product  of  this  model  has  demonstrated  usefulness.  Statis¬ 
tical  extrapolations  and  interpolations  also  yield  predictions  at  any 
level  from  the  surface  up  to  300  mb.,  many  of  which  have  served  as  use¬ 
ful  guidance  material  on  the  facsimile  circuits. 

The  most  recent  change  affecting  the  numerical  prognoses  has  been 
the  replacement  of  the  IBM  704  computer  with  an  IBM  7090.  Hemispheric 
analyses  (500  mb.)  now  require  only  2  to  3  min.  of  computer  time  com¬ 
pared  to  about  15  min.  with  the  704.  A  meteorological  improvement  in  the 
models  was  introduced  at  the  same  time  and  involves  mountain  and  fric¬ 
tion  effects.*  The  purpose  of  this  change  is  to  eliminate  a  geographically 
persistent  type  of  error  that  had  been  observed  over  the  mountain  ranges 
of  western  North  America  whenever  an  appreciable  component  of  the  wind 
blew  normal  to  the  ranges. 

This  brings  us  up  to  date  with  respect  to  the  operational  numerical 
models  and  brings  us  up  to  the  influence  that  these  products  have  had 
upon  the  NAWAC  procedures. 
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With  respect  to  the  analyses;  over  areas  with  data  density  equivalent 
or  better  than  that  over  the  North  Atlantic  where  direct  analysis  proce* 
dures  generally  give  good  results,  the  automatically  derived  analyses 
compare  favorably  with  those  prepared  by  competent  synoptic  meterolo- 
gists.  The  automatic  processing  program  includes  many  of  the  synopti¬ 
cian’s  tools  that  were  mentioned  earlier,  such  as  the  geostrophic  wind 
relationship,  probable  errors  in  observations,  limitations  of  the  magnitude 
of  probable  anticyclonic  shears,  and  rigorous  continuity.  At  the  present 
time,  however,  the  production  schedule  is  such  that  most  of  the  early 
analysis  deadlines  must  still  be  met  by  hand  analyses.  It  is  in  the  pro¬ 
cedures  for  preparing  these  analyses  that  the  numerical  product  has  had 
notable  influence.  The  12-hour  500-mb.  prognoses  from  the  previous  set 
of  charts  has  replaced  the  thickness  build-up  as  the  first  approximation 
of  the  analysis  over  most  areas,  with  adjustments  of  this  first  approxi¬ 
mation  based  solely  on  the  available  500-mb.  data.  Even  over  sparse 
data  regions,  when  conditions  are  “quasi-barotropic,”  the  12-hour  prog¬ 
nosis  represents  a  good  estimate  of  the  actual  analysis.  The  reason  for 
this  is  that  most  of  the  mathematical  types  of  errors  have  been  removed 
from  the  model.  Verifications  have  demonstrated  that,  when  the  atmos¬ 
phere  is  actually  acting  in  an  essentially  barotropic  manner,  the  model 
closely  predicts  what  actually  occurs.  Given  good  initial  conditions,  the 
primary  source  of  errors  that  develop  in  these  prognoses  are  those  due  to 
baroclinic  processes.  Over  the  sparse  data  regions,  it  is  to  the  baroclinic 
zones  that  analysts  direct  their  attention.  A  modified  differential-analysis 
technique  is  used  in  such  areas.  Here  the  procedure  is  to  subtract  the 
1000-mb.  analysis  from  the  12-hour  500-mb.  prognosis  to  obtain  the  thick¬ 
ness  pattern.  This  pattern  is  adjusted  to  fit  any  actual  data  that  may  be 
available  and  to  fit  consistent  thickness  pattern  models  to  the  frontal 
and  surface  pressure  patterns.  The  primary  areas  that  require  such 
adjustments  are  those  where  either  strong  cyclogenesis  is  occurring  or 
where  strong  temperature  advection  is  indicated.  Naturally  all  of  these 
occur  where  the  thickness  gradient  is  the  strongest,  so  that  it  is  along 
this  “thickness  jet’’  that  the  synoptic  meteorologist  directs  his  atten¬ 
tion.  The  adjusted  thickness  chart  is  then  added  to  the  1000-mb.  chart  to 
obtain  the  500-mb.  analysis.  An  important  use  of  this  revised  500-mb. 
analysis  is  to  determine  estimated  height  and  wind  data  for  the  numeri¬ 
cally  processed  analysis.  In  this  manner  the  synoptic  meteorologist  is 
still  contributing  to  the  updating  and  accuracy  of  the  entire  numerical 
product. 

As  described  earlier,  the  surface,  1000-  to  500-mb.  thickness  and 
500-mb.  charts  serve  as  the  basis  for  the  remaining  analyses. 

The  impact  of  the  numerical  prognoses  has  been  somewhat  deeper 
with  respect  to  the  prognostic  program.  As  outlined  earlier,  many  of  the 
techniques  readily  available  to  the  forecaster  had  been  empirical  in 
nature.  Even  those  involving  dynamic  applications  were  primarily  re- 
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stricted  to  barotropic  conditions.  Also  our  abilities  to  predict  with  suf¬ 
ficient  accuracy  so  that  second-order  effects,  such  as  vertical  velocities 
or  thermal  vorticity  advections,  had  been  questioned.  We  feel  that  the 
most  important  influence  of  the  numerical  products  has  been  to  shift  our 
attention  toward  more  physical  or  dynamic  explanations  of  the  atmos¬ 
pheric  processes  instead  of  the  empirical  or  geometrical  explanations. 

This  has  resulted  in  a  different  approach  to  the  forecasting  problem. 
Where  it  had  been  based  primarily  on  the  surface  chart  and  subsequent 
building  up  to  the  upper  levels  using  the  differential  analysis  approach, 
the  emphasis  is  now  on  how  to  build  down  to  the  surface  from  the  500-mb. 
level.  Then,  once  the  isobaric  fields  have  been  delineated,  the  stress 
has  been  on  weather  forecasts  that  are  internally  consistent  with  the  iru- 
plied  vertical  motions. 

FIGURES  1  to  5  illustrate  actual  examples  based  to  some  extent  upon 
these  newer  approaches.  The  basic  premise  is  that  the  processes  going 
on  at  the  500-mb.  level  are  mainly  barotropic  and  that  even  those  baro- 
clinic  developments  that  occur,  do  so  within  the  framework  of  the  baro¬ 
tropic  prognosis.  This  was  the  conclusion  Rossby^  expressed  in  the  late 
1940s,  and  one  that  seems  to  be  borne  out  by  the  results  of  the  daily 
barotropic  prognoses.  If  this  is  the  case,  regions  of  convergence  at  the 
surface  should  be  associated  with  positive-vorticity  advection  at  mid- 
tropospheric  levels.  Regions  of  cyclogenesis  should  occur  in  favorable 
barotropic  regions,  that  is,  where  the  flow  pattern  indicates  positive 
advection  of  vorticity  and  where  heights  are  predicted  to  fall.  Further¬ 
more,  now  that  more  reliable  500-mb.  prognoses  are  available,  the  devel¬ 
opment  and  cyclogenesis  mechanisms  discussed  by  Sutcliff*  and  Pet- 
terssen*  can  be  applied  with  more  confidence.  The  basic  ingredient  for 
cyclogenesis  and  increasing  positive  vertical  motions  is  an  increase  in 
the  thermal-vbrticity  advection  by  the  thermal  wind. 

Applications  of  these  points  may  be  seen  in  these  figures. 

Up  to  this  point  we  have  concentrated  our  attention  on  the  isobaric  or 
contour  prognoses.  While  accurate  prognoses  of  these  serve  many  useful 
purposes,  the  primary  aim  of  the  most  practical  forecasters  is  to  predict 
what  we  call  the  weather:  the  clouds  and  precipitation.  Forecasters  for 
3'ears  have  talked  about  the  association  of  clouds  and  precipitation  with 
areas  of  convergence,  but  until  recently  have  not  attempted  even  to 
analyze  the  divergence  fields,  much  less  to  predict  them.  This  has  meant 
that  the  clouds  and  weather  forecasts  have  been  specified  chiefly  on  the 
basis  of  subjective  or  associative  reasoning.  Figure  6  illustrates  an 
example  of  a  technique,  still  in  the  development  stages,  for  computing 
the  implied  vertical  motions  from  the  prognostic  wind  fields.  It  shows  the 
30-hour  predictions  of  surface  isobars,  overcast  clouds  and  precipitation, 
and  the  verifying  charts.  Vertical  motion  using  the  Sutcliffe  development 
equation  have  been  computed  by  hand  from  each  of  these  charts  (the 
500-mb.  charts  needed  for  this  are  not  shown).  While  the  forecast  clouds 
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and  precipitation  may  fit  the  usual  ideas  on  the  association  of  weather 
to  the  surface  map,  it  should  be  noted  that  the  convergence  and  resulting 
vertical  velocities  in  the  1000-  to  500-mb.  layer,  based  on  this  chart,  go 
much  further  in  explaining  the  observations. 

Comparison  of  computed  vertical  motion  and  clouds  and  precipitation 
clearly  indicate  that  the  velocities  obtained  using  the  Sutcliffe  approach 
are  realistic  and,  when  combined  with  the  moisture  field,  give  good  esti¬ 
mates  of  the  quantitative  precipitation  amounts,  exluding  the  highly 
localized  small-scale  convective  type  of  precipitation.  Another  signi¬ 
ficant  and  optimistic  point  is  that  these  computations  are  obtained  from 
macroscale  patterns  using  mesh  length  of  600  km. 

The  promising  results  of  these  experiments  have  in  turn  resulted  in  an 
almost  completely  objective  system  for  predicting  the  quantitative  pre¬ 
cipitation  amounts  based  on  vertical  motions  derived  from  the  thermal 
advection  patterns  and  the  1000-  to  500-mb.  precipitable  water. 

Before  bringing  our  discussion  to  a  close,  there  is  one  additional 
point  to  cover.  Has  the  influence  of  the  computer  been  sufficient  to 
effect  any  improvement  in  the  forecasts?  We  do  not  have  very  much  veri¬ 
fication  data  over  an  extensive  enough  period,  but  figure  7  does  show 
two  verifications  going  back  to  at  least  1955.  The  scores  are  in  terms  of 
a  relative  error  in  pressure  gradient;  therefore  the  lower  the  score  the 
better  the  prognosis.  The  impact  of  the  computer  has  been  extensive,  and 
the  sharp  decrease  in  error  that  occurred  in  1958  gives  clear-cut  testi¬ 
mony  to  improved  500-mb.  prognoses  since  that  time.  The  concluding 
comment  on  the  top  curve  is  that  working  these  500-mb.  improvements 
into  better  surface  prognoses  is  still  our  most  important  challenge. 
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Figure  1  («)  JNWP  500  mb.  and  absolute  vorticity  analysis  for  1200Z  March  11,  1959,  Units:  solid  contours, 
lO*  ft.  (400  ft,  intervals);  dashed  isolines-10~*  sec. (40  X  10“*  sec,“'  intervals). 


Figure  1  (c)  JNWP  36-hour  500  mb.  and  absolute  vorticity  prognostic  for 
OOOOZ  March  13,  1959.  Units:  same  as  in  1  (a). 


1959.  Units:  same  as  in  1  (b). 


FIGURE  1(e)  NAWAC  surface  analysis  with  1000*500  mb.;  thickness  for  OOOOZ  March 
13,  1959.  Units:  same  as  in  1  (6). 


figure  2  (ft)  NAWAC  surface  analysis  with  1000-500  mb.;  thickness  for  1200Z  March  12,  1959.  Units:  solid 


Figure  2  (c)  JNWP  36*hour  500  mb.  and  absolute  vorticity  prognostic  for 
OOOOZ  March  14,  1959.  Units:  same  as  in  2  (a). 


Figure  2  (d)  NAWAC  30-hour  swface  prognostic  for  uuuuz  March  14,  1959. 
Units:  same  as  in  2  (b). 


analysis 


Figure  3  (6)  NAWAC  surface  analysis  with  1000-500  mb.;  thickness  for  1200Z  March  13,  1959.  Units:  solid 
isobars,  mb.  (8  mb.  intervals);  dashed  isolines,  10^  ft.  (400  ft.  intervals). 


Figure  3  (c)  JNWP  36-hour  500  mb.  and  absolute  vorticity  prognostic  foi 
OOOOZ  March  15,  1959.  Units:  same  as  in  3  (a). 


Figure  3  (d)  NAWAC  30-hour  surface  prognostic  for  OOOOZ  March  15,  1959. 
Units:  same  as  in  3  (6). 
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intervals) 


Figure  4  (6)  NAWAC  surface  analysis  with  1000-500  mb.;  thickness  for  1200Z  March  14,  1959.  Units:  solid 
contours,  mb.  (8  mb.  intervals);  dashed  isolines,  10*  ft.  (400  ft.  intervals). 


Figure  4  (c)  JNWP  36-hour  500  mb.  and  absolute  vorticity  prognostic  for 
OOOOZ  March  16,  1959.  Units:  same  as  in  4  (a). 


Figure  4(d)  NAWAC  30-hour  surface  prognostic  for  OOOOZ  March  16, 1959. 
Units:  same  as  in  4  (b). 
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:a)  500MB  ANALYSIS  a  VORTICITY  I2Z  APR  II  I960. 

Figure  5  (a). 


(b)  SURFACE  a  1000-500  THICKNESS  I2Z  APR  1 1  I960 


FIGURE  5  (b). 
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Figure  6  (a). 


)  '  \ 


^  ?  A.  J 

(b)  NAWAC  30HR  VERTICAL  MOTION  PROG. 

Solid  lines:  w,  cm/sec.  V.T.  I2Z  29  Apr  I960. 
24 hr  QPF;  heavy  solid  lines,  VT.  I2Z  29  Apr 

0bsvd24hrPCPN  29-I2Z,  .50-99  ilHiliiiiiiiilH 
I.OO+IIIIIIIHill 


FIGURE  6  (b). 
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(e)  500MB  VERTICAL  MOTION  I2Z  29  APR  1960. 
Solid  lines  as  (b) 

Observed  6-hrly  PCPN  06-I2Z  29  Apr: 


>  O.C  <  .25:  KS.m 


Figure  6  (e). 


FIGURE  6  (/). 
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DEEPLY  COLORED,  ELECTRICALLY  CONDUCTING  POLYMERS* 
Albert  Wassermann 

Department  ol  Chemistry,  University  College,  London,  England 

It  has  been  found  that  new  bicyclopentyl  derivatives,'  namely  3- 
(cyclopenta  2',  4'-/  dienyl)  cyclopentanol  and  its  trichloroacetic  acid 
ester  (ester  I),  can  be  converted  into  polymers,  these  products  being 
deeply  colored.  It  is  now  shown  that  cyclopentadiene,  cyclopen tenyl 
J  chloride,  cyclopentamethylene  fulvene,  and  a  colorless  cyclopentadiene 
i  polymer  can  also  be  converted  into  deeply  colored  species,  all  these 
I  reactions  being  catalyzed  by  trichloroacetic  acid  in  aprotic  solvents. 

These  polymers  are  highly  unsaturated,  not  linear,  and  they  contain 
I  sequences  of  conjugated  double  bonds  that  can  be  protonated,  thereby 

I  forming  electrically  conducting  ion  pairs.  In  one  case  the  nature  of  the 

]  reactive  entities,  the  end  group  of  the  polymer,  and  the  mechanism  of 

7  polymerization  could  be  established.  For  this  reaction  a  build-up  prin¬ 

ciple  is  suggested,  which  accounts  for  the  formation  of  conjugated  dou¬ 
ble  bonds. 

Experimental  details  of  this  work  are  reported  in  two  Ph.D.  theses'** 
and  in  four  other  papers.* 

Preparation  and  Properties 

The  conditions  of  the  trichloroacetic  acid-catalyzed  polymerizations 
are  indicated  in  table  1.  After  the  specified  times  the  free  acid  was 
removed  with  potassium  bicarbonate,*  when  the  color  of  the  solutions 

changed  from  deep  blue  to  red-brown.  The  polymers  were  isolated  by 

precipitation  with  10  volumes  ethanol,  centrifugation,  and  drying  in  vacuo. 
Other  precipitdnts  for  benzene,  carbon  tetrachloride,  chloroform,  carbon 
disulfide,  or  pyridine  solutions  are  acetone,  acetic  acid,  ether,  or  water. 
Some  polymers  were  purified  by  repeated  solution  and  precipitation  or  by 
'  chromatographic  adsorption  on  calcium  carbonate.  At  least  3  different 

'  batches  of  each  polymer  were  prepared.  The  figures  in  table  2  are 

I  means  of  determinations  made  with  each  batch.  The  approximate  temper¬ 

ature  of  decomposition  was  200°  C.  in  case  of  polymers  A,  A',  A”,  B,  C, 

}  D,  and  E  and  100°  C.  in  the  case  of  polymer  F.  The  color  of  0. 1  per  cent 

I  benzene  or  chloroform  solutions  of  these  polymers  is  similar  to  that  of 

'  0,1  Y  iodine  solution.  On  shaking  with  acids  or  antimony  trichloride 

'  change  of  color  occurs  (table  3).  Polymer  A  and  A*  are  amorphous, 

I  according  to  the  X-ray  powder  diagram,  and  they  are  esters  of  trichloro¬ 

acetic  acid,  1  mole  of  polymer  containing  1  mole  of  trichloroacetate. 

I  ‘Thl*  paper  waa  preaented  at  a  meeting  of  the  Section  on  November  1,1960. 
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Table  l 

Preparation  of  Deeply  Colored  Polymers  in  benzene  at  25° c. 


Starting  material 

Initial  molarity  of 
starting  material  & 
trichloroacetic  acid 

Reaction 

time 

(hr.) 

Yield 

(%of 

starting 

material) 

Reference 

designation 

polymer 

Cyclopentadiene 

0.05-2.0 

24 

90 

A 

Trichloroacetic  acid 
ester  of  3-(cyclopenta-2  , 

4  -dienyD-cyclopentanol* 

0.50-2.0 

24 

90 

A* 

3-(Cyclopenta-2’,  4*-dienyl)- 
cyclopentanol 

0.50 

30-82 

66 

B 

Cyclopentenyl  chloride 

a50-1.0 

16-113 

27-28 

C 

Cyclopeatamethyiene  fulvene 

0.50-1.0 

18-24 

63-75 

D 

Colorless  Cyclopentadiene 
polymert 

0.0017  (polymer) 
and  1.0  (acid) 

25 

70 

F 

*Ester  I. 

tReference  designation;  polymer  (E),  this  was  prepared  from  cyclopentadiene  and 
stannichloride. 


This  is  proved  by  alkaline  hydrolysis  and  is  in  accordance  with  the 
chlorine  content.  The  alcoholic  component  A"  of  these  polymers  was 
isolated  as  follows.  Five  hundred  ml.  of  a  benzene  ethanol  solution 
(30  volume  per  cent  ethanol)  containing  6  x  10“’  mole  potassium  hydrox¬ 
ide  and  6  x  10~’  mole  polymer  A  were  left  for  15  hours  at  20°  C.,  precipi¬ 
tation,  reprecipitation  from  benzene,  centrifugation,  and  drying  being 
carried  out  as  with  A  and  A'.  The  yield  of  a"  was  80  per  cent  of  the 


Table  2 

Some  properties  of  polymers 


Polymer 

%C 

7.C1 

10"*  X  molecular 
weight 

Molecules  Bt] 
consumed  per 
molecule  of 
polymer 

10*  [ti]  in  C,Hfc 
25°  in  100  ml 
solution/ gm. 

A 

81.2 

7.91 

7.60 

1.2 

15 

4.0 

a' 

81.2 

7.91 

7.60 

1.2 

15 

4.0  1 

a" 

84.0 

8.60 

<0.3 

B 

86.3 

8.43 

2.72 

3.3 

36 

5.0 

C 

83.9 

8.70 

6.70 

1.1 

9 

3.5 

D 

86.0 

8.70 

2.49 

4.2 

45 

9.0 

E 

83.8 

9.08 

6.42 

32 

225 

10 

F 

86.0 

8.68 

3.70 

30 

290 
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Table  3 

Color  op  0.1  per  cent  Benzene  or  Chloroform  Solution  of 
Polymers  After  Shaking  with  Acids  or  Antimony  Trichloride 
Temperature  20° C.  Except  in  Tests  with  Picric  Acid 


Polymer 


Cbac. 

HCl 


Cone. 

H^4 


Cone. 

HN*Q, 


Pierie  aeld 
in  CtHti 
saturated;  60°  C. 


CljCCOOH 
in  C«H« 
(1-2  M) 


SbCl, 
in  CHCl« 
(ai-a2M; 


A  and  A 

B 

C 

D 

F 


Bine 


Blue- 

green 


Brown 


Green 


\ 


) 


Brown 


Blue 


Blue 

'  Brown 

Violet 

Blue 


)  Brown 


Blue 


f  Violet 


Blue 


weight  of  the  starting  material.  These  polymers  are  characterized  by 
electronic  spectra  the  peaks  of  which  are  situated  at  the  wave  lengths 
shown  in  table  4.  The  color  of  the  polymers  is  due  to  the  tail  end  of 
one  of  the  peaks  or  shoulders;  X.Vi  in  table  4  is  the  wave  length  at 
which  e  is  one  half  of  the  value  listed  in  the  sixth  column.  The  peaks 
in  the  spectrum  of  polymers  A,  A*,  B,  and  D  can  be  observed  only  if 
peroxide  or  air  are  carefully  excluded  during  preparation  and  measurement. 

On  addition  of  acids,  the  polymers  are  converted  into  species  the 
electronic  spectra  of  which  are  markedly  altered,  as  shown  for  the  typical 
case  of  trichloroacetic  acid  by  the  position  of  the  peaks  and  shoulders  in 
table  5.  The  shape  of  these  spectra  depends  on  the  acid  concentration, 
but  if  this  is  sufficiently  high,  for  example  a  IM,  further  increase  does 


Table  4 

Electronic  Spectra  of  Deeply  colored  Polymers  at  20° C. 


Polymer 

Solvent 

Amax.C'nfi) 

(I)  (ID 

lO'^e  max.(  1/mole  X  cm.) 

(I)  (H) 

(mp) 

‘  A  and  A* 

B 

C 

D 

F 

Cyclohexane 

Cyclohexane 

Dioxan 

Cyclohexane 

Cyclohexane 

252  360 

251  310-320(8h)t 

252  350 

250  350(8h)  t 

254  365 

12  ±  1  5  ±  1 

106  ±  10  33  ±  3 

15  ±  1  10  ±  1 

100  ±  10  26  ±  3 

78  ±  15  60  ±  15 

*See  text  for  significance  of 
t“Shoulder.” 
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TABLE  5 

Electronic  Spectra  of  Deeply  Colored  Polymers  in 
IM  Trichloroacetic  Acid  AT  20° c. 


*Shoulder. 


not  produce  significant  changes.  The  reaction  responsible  for  the  change 
of  the  spectra  is  a  proton  transfer  from  the  acid  to  the  polymers.  This  is 


reversible  for,  if  the  free  trichloroacetic  acid  is  removed  with  potassium  ) 
bicarbonate  in  absence  of  air,  the  spectrum  before  addition  of  acid  is  | 
restored.  It  could  be  established  that  only  1  mole  of  acid  reacts  with  1 
mole  of  polymer.  Equilibrium  coefficients,  K,  .of  the  reaction  polymer  + 
acid  =  ion  pairs  were  determined,  numerical  values  of  K  being  listed  in 
TABLE  6.  The  specific  electrical  conductance,  k,  of  a  benzene  solution, 

25®  C.  1.00  M  in  trichloroacetic  acid,  and  0.0500  M  in  polymer  A  is  respec*  ; 
lively  <  10"“*  and  <  10“‘’  cm,'*;  if,  however,  the  solution  contains 

both  the  acid  and  the  polymer,  k  is  2.40  x  10*^  O'*  cm.~‘.  Similar  effects 
were  observed  with  5  other  proton  donors  and  with  polymers  B  to  F.  The 
ion>pair  concentration,  c',  can  be  calculated  if  one  knows  the  equili¬ 
brium  constant  K  and  the  stoichiometric  polymer  and  acid  concentrations. 

The  molar  conductance,  A  of  the  ion  pairs  is  defined  by  ^ 


where  K^y  and  a  acid  are  the  over-all  specific  conductance  of  the  solution 
and  the  specific  conductance  of  the  solution  containing  acid  without  } 
polymer.  In  most  tests  Aacid  was  less  than  0.15  The  ion  pairs  (PH... 
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Table  6 

K  AND  Kd  values  and  MOLAR  ELECTRICAL 
Conductances,  A:  benzene,  25° C. 


Polymer 

Acid 

K  (l./mole) 

•loaoKjj 
(Kd  in  mole/1.) 

-log,  oA* 

CljCCOOH 

6.1 

6.8 

5.20 

CljHCCOOH 

0.65 

7,2 

5.20 

ClHjCCOOH 

0.061 

6.8 

5.20 

HCl 

25.0 

Dodt 

17.0 

5.4 

4.80 

Picric 

10.0 

6.6 

6.75 

a" 

8.0 

B 

6.3 

5.8 

4.50 

C 

CljCCOOH 

11.0 

5.8 

5.28 

D 

4.0 

8.6 

4.90 

F 

14.0 

6.4 

4.70 

*A  in  l./moIe  X  ohms  X  cm.;  the  concentration  of  the  ion-pairs 

Iwas  10~*  M  and  that  of  the  acid  1.0  M,  except  in  the  experiments  with 
dodecylbenzenesulfonic  and  picric  acids,  where  it  was  0. 127  and 

I  0.256  M. 

tDodecylbenzenesulfonic  acid. 

)  Anion)  dissociate  at  sufficiently  low  concentration,  according  to 

Kd 

'  PH  . . .  Anion'i^ir^^^H  +  ^nion 

j  the  polymer  cation  PH  and  the  acid  anion  being  regarded  as  carriers  of 

the  electrical  current;  K^,  the  dissociation  constant  of  the  binary  ion 
[  pairs,  could  be  determined.  Numerical  values  are  listed  in  table  6. 

i 

Presence  of  Conjugated  Double  Bonds 

The  electronic  spectra  of  these  polymers  indicate  the  presence  of 
conjugated  double  bonds.  Confirmatory  evidence  are  the  proton  acceptor 
>  properties^'*  and  the  relatively  large  values.*  The  position  of  the  peaks 
of  the  electronic  spectra  and  the  observed  total  unsaturation  make  it 
I  probable*  that  polymers  A  and  A'  contain  a  short  and  a  longer  sequence 

)  of  respectively  2-3  and  4-6  conjugated  double  bonds,  and  the  total 

I  unsaturation  shows  that  isolated  double  bonds  are  now  present.  A  simple 

free  electron  treatment  indicates*  that  the  longer  sequence  of  conjugated 
i  double  bonds  is  responsible  for  the  observed  proton  acceptor  properties. 

1  It  could  be  argued  that  the  double  bonds  in  these  polymers  ate  all  con- 
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jugated  and  that  the  observed  peaks  of  the  electronic  spectra  are  due  to 
the  superposition  of  the  spectra  of  homologues.  This,  however,  is  diffi¬ 
cult  to  reconcile  with  the  molecular  weight  distribution*  and  with  the 
observation  that  there  is  no  sigpificant  influence  of'molecular  weight  on 
the  position  of  the  light  absorption  peaks. 

Molecular  Weight  Viscosity  Number  Relationship 

The  exponent  of  the  Mark-Houwink  viscosity  equation,  deduced  from 
the  figures  in  columns  5  and  7  in  table  2  is  0.3±  0.1.  This  small  value 
indicates  that  these  polymers  are  not  linear. 

Stoichiometry  of  Formation  of  Polymers  A  and  A‘ 

The  bimolecular  dimerization  of  cyclopentadiene  occurs  at  25°  C, 
simultaneously  with  the  trichloroacetic  acid  catalyzed  dimerization,'  if 
the  reaction  mixture  contains  acid  of  a  concentration  below  0.2  M.  If  the 
acid  concentration  is  higher,  for  example  0.5  M,  both  the  bimolecular  and 
the  catalyzed  dimerization  are  overshadowed  by  a  reaction  leading  to 
ester  I.*  This,  however,  could  be  isolated*  only  if  the  reaction  time  is 
relatively  short;  after  longer  time  intervals  (see  table  1),  polymer  A 
was  the  major  product.  These  observations  indicate  that  the  following 
two  consecutive  reactions  occur: 


HB 

2C,H,  +HB - ►ester  (I)  (1) 

HB 

n  ester  (I) - +  (n-l)ffB  (2) 

where  HB,  R,  and  B  are  symbols  of  trichloroacetic  acid,  Cs-,  and  tri- 
chloroacetate  residues  incorporated  into  polymer  A.  Trichloroacetic  acid 
is  a  reactant  in  1,  a  product  in  2,  and  a  catalyst  in  both  processes;  the 
mechanism  of  the  catalysis  of  1  has  been  discussed*  and  that  of  2  will 
be  dealt  with  below.  Preparative  and  kinetic  experiments*  confirmed  the 
fact  that  polytners  A  and  A'  obtained  from  cyclopentadiene  and  from 
isolated  ester  I  are  identical. 

Mechanism  of  Formation  of  Polymer  (A') 

The  rate  of  reaction  2,  Bpoiy#  in  benzene  and  carbon  tetrachloride  can 
be  represented  by 

Rpoiy  =  ^  [CioHisBJ  [trichloroacetate  acid]  (3) 

with  k  =  !()*■♦  exp(- 11000/RD  l./molexsec.  in  benzene.  Rpoiy  is  not 
affected  by  addition  of  the  product,  peroxides,  oxygpn,  or  traces  of  water, 
but  large  quantities  of  water  or  other  proton  acceptors  (ethanol,  acetone, 
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and  dioxan)  act  as  retarders.  The  number  average  degree  of  polymeri* 
ration,  n,  does  not  depend  on  the  degree  of  conversion  in  each  run  or 
on  initial  concentrations  of  ester  (I)  and  catalyst.  The  following  set  of 
reactions  account  for  these  observations. 


Initiation:  CioHu 


B; 


propagation:  B)  . ..  B  +  CioHuB - *{^’‘t^.tB)  ...  B  +  HB; 

termination:  B;  . . .  B  +  CioHxjB  — ...  B  +  BB.- 


(4) 

(5) 

(6) 


where  kt,  k*„  kp,  and  k^^  are  velocity  coefficients;  CioH,jB,  HB,  and  B 
have  the  same  significance  as  in  1  and  2;  R*  and  R  are  Cio-residues  in 
growing  and  dead  carbonium  ion  pairs  of  degree  of  polymerization  r. 
Assuming  tiie  validity  of  the  stationary  state  approximation,  k^yk^  =  A', 
independent  of  r  or  dependent  on  r  in  a  specified  manner  and  (k  +  k^y 
(CioHijB]  >k\  one  obtains  3  with  k  =  k^  [(2A'  +  1)/A^].  Furthermore 
n  =  (2A'  +  1)/A .  According  to  the  suggested  mechanism,  the  presence  of 
one  trichloro acetate  grouping  per  mole  of  polymer  is  not  due  to  a  collapse 
of  growing  carbonium  ion  pairs  but  to  the  mode  of  initiation,  which  is  a 
proton  transfer  and  the  only  elementary  step  not  involving  elimination  of 
trichloroacetic  acid. 


The  Build-Up  Principle 


It  is  assumed  that  proton  transfer  to  ester  I  in  the  initiation  reaction 
4  is  followed  by  a  shift  of  hydrogens,  there  by  producing  carbonjum  ions 
of  structure  shown  in  figure  1.  Oxygen  of  the  trichloroacetate  grouping 
in  ester  (1)  may  also  be  protonated,  but  this  is  not  shown  as  it  is  not 
essential  for  this  reaction.  In  the  propagation  steps  5,  the  elimination  of 
trichloroacetic  acid  HB  from  ester  (I),  C,oHijB,  is  regarded  as  a  reverse 


r  ^  t  - 

^  -f 

A. 

HjC - 

1  1  1  f| 

r 

§ 

r  f 

CH 

- 1 

1 

I 

“V 

r 

_ 1 

CH 


_  Figure  1.  Isomeric  ion  pairs  formed  in  4  and  designated  in  text  as  R*  B)  , . . 
B,  R  being  a  Cu  residue.  These  species  are  formed  by  end-on  protonation  of  the 
two  conjugated  carbon-carbon  double  bonds  in  ester  I  (see  formula  in  reference  1) 
and  subsequent  hydrogen  shift. 
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acid  addition  to  an  olefin  CuHi]  ^  which  participates  in  the  formation  of 
the  growing  carbonium  ions,  in  a  manner  shown  by  figures  2  and  3. 


hc 

j; 


CH. 


V/ 

CH. 


*  H 


'I 


CH 


Figure  2.  Intermediates  in  the  first  propagation  step  5;  they  are  formed  from  ■ 
the  mesomeres  shown  in  FIGURE  I  and  a  species  CioHn  produced  by  abstraction  ! 
of  trichloroacetic  acid  HB  from  CioHisB,  ester  I.  The  formation  of  the  bond  joining 
the  two  Cio  residues  together  involves  carbons  indicated  in  FIGURE  1  by  a 
single  asterisk.  Bond  formation  involving  carbons  indicated  by  a  double  asterisk 
leads  to  termination  (see  text). 

I 

This  mode  of  reaction  is  assumed  to  be  typical  for  all  propagation  steps.  i 

All  growing  carbonium  ions  are  mesomers,  so  that  each  propagation  step  [ 

must  lead  to  structural  isomers  unless  this  interferes  with  stereochemical  | 

requirements;  the  number  of  structural  isomers  increases  with  increasing  f 
degree  of  polymerization.  In  figures  1  and  3  some  carbons  are  indicated  i 
by  single  and  double  asterisks.  These  are  the  potential  junction  points  ; 
of  Cio  residues  linked  together  in  the  propagation  or  termination  steps.  ) 

The  single  and  double  asterisks  relate  respectively  to  the  junction  points  j 

in  the  former  and  latter  reactions.  Carbons  indicated  by  a  single  asterisk 


B 


HC:r:::z:C.-nrrrCzr=:CH  f 

li  I*'  !  J 


’  X' 


I  H2 
H2C - C  — 


C=CH 


till 
H5C  CHoHX  CH 

C  C  D 


} 


) 


Figure  3.  Growing  carbonium  ion  pairs,  formed  from  one  of  the  intermediates  i 
shown  in  FIGURE  2  by  a  shift  of  hydrogens  from  carbons  1,  3,  1  to  carbons  | 
2' ,  3*,  4*.  Such  ion  pairs  are  designated  in  the  text  by  *B)  . . .  B,  the  degree  ) 
of  polymerization  r  being  2  in  the  case  shown  in  this  figure. 
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are  joined  to  three  carbons,  but  those  indicated  by  a  double  asterisk  are 
linked  to  two  carbons  and  one  hydrogen.  In  the  termination  step  6, 
elimination  of  trichloroacetic  acid  HB  from  ester  (I),  incorporation  of  the 
species  CioHi,,  and  rearrangement  is  assumed  to  occur  as  in  the  propa¬ 
gation  steps  5.  To  explain  the  difference  between  5  and  6  it  is  pointed 
out  that  species  shown  in  figure  3  and  similar  growing  carbonium  ion 
pairs  cannot  be  deprotonated  with  formation  of  a  double  bond  between 
Cio  residues.  In  the  carbonium  ions  formed  in  6,  on  the  other  hand,  depro¬ 
tonation  with  double-bond  formation  is  possible  because  the  junction 
points  between  Cio  residues  are  carbon  atoms  of  a  different  type,  as 
indicated  above  and  in  the  caption  of  figure  1.  The  structure  of  the 
carbonium  ions  formed  in  6  is  such  that  deprotonation  leads  not  only  to  a 
new  double  bond,  but  also  to  a  sequence  of  5  conjugated  double  bonds  if 
f  and  to  a  sequence  of  4  conjugated  double  bonds  if  r  =  2.  A  typical 
deprotonated  dead  polymer  homologue  is  shown  in  figure  4.  Proton 


Figure  4.  Dead  polymer  horoologues  of  degree  of  polymerization  r  =  4. 
Stereochemical  requirements  of  f^pecies  of  this  type  are  discussed  by  Roubinek.* 
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transfer  to  the  5  conjugated  double  bonds  leads  to  the  corresponding  dead 
carboniutn  ion  pair,  the  mesotneric  part  of  which  is  shown  in  figure  5, 


“1“  I 

Figure  5.  Mesomeric  part  of  dead  carbonium  ion  pairs  in  which  end-on  proton 
transfer  to  a  system  of  five  conjugated  double  bonds  has  occured. 

Carbonium  ion  pairs  of  this  kind  contain  4  formal  conjugated  double 
bonds,  while  the  mesomeric  part  of  the  growing  carbonium  ion  pair  (see  | 
FIGURE  3)  contains  only  2  formal  conjugated  double  bonds.  For  this 
reason  it  is  suggested  that  the  dead  carbonium  ion  pairs  are  more  stable, 
The  polymer  shown  in  figure  4  contains  also  a  sequence  of  2  conju¬ 
gated  double  bonds  and  1  isolated  double  bond.  Polymers  in  which  r)  4 
still  contain  only  a  sequence  of  5  conjugated  double  bonds  (formed  in 
the  termination),  but  the  number  of  sequences  of  2  conjugated  double  ^ 
bonds  or  of  isolated  double  bonds  increases.  If  r  )  2,  straight  chain  poly¬ 
mers  in  which  successive  C^o  residues  are  aligned  in  a  linear  fashion 
cannot  be  formed,  but  nonlinear  species,  such  as  that  shown  in 
FIGURE  4,  are  obtained. 

This  build-up  principle  accounts  for  the  observed  total  number  of  i 
double  bonds;  for  the  presence  of  one  trichloro acetate  grouping  B,  for  the 
nonlinear  structure,  for  the  presence  of  a  longer  and  shorter  sequence  of  | 
conjugated  double  bonds  (as  indicated  by  the  electronic  spectrum  of  the 
polymer),  and  for  the  kinetics  of  polymerization. 

The  proton  transfer  to  ester  (I)  in  4  or  the  elimination  of  trichloroacetic  ■ 
acid  in  5  and  6  may  be  synchronized  with  the  shift  of  hydrogens  indicated  I 
in  the  legend  of  figure  1  or  with  the  formation  of  the  bonds  joining  the  f 
Cl,  residues  R,  together  and  with  the  subsequent  rearrangements  (see  | 
FIGURES  2  and  3).  It  is  also  possible,  however,  that  reactions  4,  5,  and  | 
6  are  each  a  set  of  consecutive  processes,  which  is  not  incompatible  of  r 
course  with  the  assumption  that  the  '‘over-all”  initiation,  propagations, 
and  terminations  are  each  kinetically  of  the  second  order.  The  rearrange-  ; 
ments  specified  above  may  be  due  to  hydride  transfers.  This  mechanism  | 
is  more  satisfactory  than  one  involving  a  rapidly  established  pre-equilib-  j 
rium  between  ester(l)and  an  isomer,  reacting  in  4-6.  It  is  admitted,  how-  | 
ever,  that  a  pre-equilibrium  would  also  be  reconciled  with  the  observed  f 
kinetics. 
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CONFKREXCIiS  HELD 


SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 

IN  VITRO  AND  IN  VIVO  EFFECTS  O'"  AMINE  BUFFERS 

Monday,  December  12 
T uesday,  December  13,  and 
Wednesday,  December  14,  1960 

Conference  Co-Chairmen: 

Gabriel  G.  Nahas,  College  of  Physicians  and  Surgeons 
Columbia  University,  New  York,  N.Y. 
and 

Emmanuel  M.  Papper,  College  of  Physicians  and  Surgeons 
Columbia  University,  New  York,  N.  Y. 


MONDAY,  DECEMBER  12,  1960 

Session  Chairman:  K.  A,  C.  Elliott 
McGill  University,  Montreal,  Que.,  Canada 

PHYSICOCHEMICAL  PROPERTIES  OF  AMINE  BUFFERS 


9:00  A.M.- 

Greetings  from  the  Academy  -  Robert  L.  Kroc,  Chairman,  Section  of  Bio¬ 
logical  and  Medical  Sciences,  The  New  York  Academy  of  Sciences,  New 
York,  N.  Y.;  and  Warner-Lambert  Research  Institute,  Morris  Plains,  N.  Ji 
Introductory  Remarks  -  Gabriel  G.  Nahas,  College  of  Physicians  and 
Surgeons,  Columbia  University,  New  York,  N.  Y. 

“The  Use  of  Amine  Buffers  for  pH  Control”  -  R.G.  Bates,  National 
Bureau  of  Standards,  Washington,  D.  C. 

“Amine  Buffers  as  Acidimetric  Standards”  -  P.C.  Markunas,  Commercial 
Solvents  Corporation,  Terre  Haute,  Ind. 

“Control  of  Dissociation  of  Soaps  and  Amphoteric  Lipids  by  Amines  and 
its  Application  to  Biological  Emulsification  and  Ionic  Transfer”  -  J.H. 
Schulman,  School  of  Mines,  Columbia  University,  New  York,  N.  Y. 

“The  Use  of  Amine  and  Other  Buffers  in  Manometric  Measurements”  - 
Dean  Burk,  National  Cancer  Institute,  Bethesda,  Md. 


“The  Use  of  Amine  and  Other  Buffers  for  CO 2  Absorption  in  Confined 

300 


THE  NEW  YORK  ACADEMY  OF  SCIENCES 


301 


Environments”  -  K.E.  Schaefer,  United  States  Naval  Research  Labora¬ 
tory,  New  London,  Conn. 

“Quantitative  Methods  of  Measurements  of  Amine  Buffers”  -*  H.  Rosen, 
Walter  Reed  Army  Institute  of  Research,  Washington,  D.  C. 

Session  Chairman:  H.E.  Swim 
Western  Reserve  University,  Cleveland,  Ohio 

THE  BUFFERING  OF  ACID  MEDIA  WITH  AMINE  BUFFERS 
2:00  P.M.  - 

“Amine  Buffers  in  Enzyme  Studies”  -  H.R.  Mahler,  University  of  Indiana, 
Bloomington,  Indiana. 

“Amine  Buffers  in  Cell  Culture  Media”  -  H.E.  Swim,  Western  Reserve 
University,  Cleveland,  Ohio. 

“Control  of  pH  by  Amine  Buffers  in  the  Transport  of  Fish”  -  W.  N. 
McFarland,  Institute  of  Marine  Science,  University  of  Texas,  Port 
Aransas,  Texas. 

“Effects  of  Amine  Buffers  on  Electrolyte  Metabolism  in  Yeast”  -  A. 
Rothstein,  University  of  Rochester  Medical  School,  Rochester,  N.  Y. 

“Permeability  of  Amine  Buffers  and  their  Effects  on  Electrolyte  Trans¬ 
port”  -  A.  Omachi,  J.  Waldeck,  and  R.  Macey,  University  of  Illinois 
School  of  Medicine,  Chicago,  Ill. 

“Use  of  Amine  Buffers  in  Microbial  Nutrition  with  Notes  on  Choline  and 
Potassium  Antagonisms”  -  E.L.  Packer,  S.H.  Hutner,  R.M.  Burger,  and 
D.  Cox,  Haskins  Laboratories,  New  York,  N.  Y.;  H.  Baker  and  O.  Frank, 
Mt.  Sinai  Hospital,  New  York,  N.  Y.;  and  D.  Amsterdam,  Jewish  Chronic 
Disease  Hospital,  Brooklyn,  N.  Y. 


TUESDAY,  DECEMBER  13,  1960 

Session  Chairman;  W.O.  Fenn 
University  of  Rochester,  Rochester,  N.  Y. 

EFFECTS  OF  AMINE  BUFFERS  ON  COj  STORAGE  AND 
ACID  BASE  BALANCE 

9:00  A.M.  - 

“The  Buffering  of  Hypercapnic  Acidosis  with  2-Amino-2-Hydroxymethyl- 
1,  3-Propanediol”  -  R.  Epstein,  G.  G.  Nahas,  and  L.  C.  Mark,  College 
of  Physicians  and  Surgeons,  Columbia  University,  New  York,  N.  Y. 
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"The  Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  on  Blood 
Buffering  Capacity”  -  P.  Astrup  and  K.  JiArgensen,  Righospitalet,  Copen¬ 
hagen,  Denmark. 

"Effects  of  2-Amino- 2-Hydroxymethyl-l,  3-Propanediol  on  CO  2  Elimina¬ 
tion  and  Production  in  Normal  Man”  -  E.S.  Brown,  D.G.  Greene,  J.O. 
Elam,  J.  L.  Evers,  I.  L.  Bunnell,  H.  J.  Lowe,  Roswell  Park  Memorial 
Institute,  Buffalo,  N.  Y. 

“Effects  of  2.Amino-2-HydroxymethyH, 3-Propanediol  on  Cerebrospinal 
Fluid  Pressure  and  Composition”  -  S.J.  Dos,  G.G.  Nahas,  and  E.M, 
Papper,  College  of  Physicians  and  Surgeons,  Columbia  University,  New 
York,  N.  Y. 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol,  and  pCOj  on 
Plasma  Protein  Binding  of  the  Thyroid  Hormone”  -  M.W.  Hamolsky  and 
M.  Stein,  Beth  Israel  Hospital,  Boston,  Mass. 

“Intracellular  Acid  Base  Relations  and  Intracellular  Buffers”  -  E.D. 
Robin,  University  of  Pittsburgh,  Pittsburgh,  Pa. 


Session  Chairman;  M.B.  Visscher 
University  of  Minnesota,  Minneapolis,  Minn. 

PHYSIOLOGICAL  EFFECTS  OF  AMINE  BUFFERS 

2:00  P.M.  - 

“Effects  of  Amine  and  Other  Buffers  on  Acid  Excretion  by  the  Kidney” - 
D.H.  Simmons,  Veterans  Administration  Center,  Los  Angeles,  Calif. 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  on  Electrolyte 
Diuresis”  -  A.  H.  Samiy,  Peter  Bent  Brigham  Hospital,  Boston,  Mass, 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  on  Renal  Tubular 
Function  in  Reference  to  Salicylate  and  Glucose”  -  J.  Strauss,  G.G. 
Nahas,  and  L.  S.  James,  Presbyterian  Hospital  in  the  City  of  New  York 
and  College  of  Physicians  and  Surgeons,  Columbia  University,  New  York, 
N.  Y. 

“Use  of  2- Amino- 2-Hydroxymethyl-l,  3-Propanediol  in  Addition  Acidosis 
and  its  Effect  on  Sympathoadrenal  Activity”  -  W.  M.  Manger,  G.  G. 
Nahas,  and  A.  Mittleman,  College  of  Physicians  and  Surgeons,  Columbia 
University,  New  York,  N.  Y. 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  on  Pulmonary 
Vascular  Bed”  -  J.C.  Ligou,  Y.  Le  Tallec,  P.  Bemadet,  and  A.  Broue, 
Hospital  de  Purpan,  Toulouse,  France. 

“Effects  of  Acute  Changes  in  Blood  pH  on  the  Pulmonary  Circulation  of 
Normal  Man”  -  E.H.  Bergofsky,  D.E.  Lehr,  M.A.  Tuller,  M.  Rigatto,  and 
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A.P.  Fishman,  College  of  Physicians  and  Surgeons,  Columbia  Unversity, 
New  York,  N.  Y. 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  on  the  Respira¬ 
tory  Centers  and  RespiratoryMechanisms”  -  S.  H.  Ngai,  R.  L.  Katz, 
S.  C.  Wang,  and  G.  G.  Nahas,  College  of  Physicians  and  Surgeons, 
Columbia  University,  New  York,  N.  Y. 

7:00  P.M.  - 


AFTER-DINNER  ADDRESS 

“CO2  and  Intracellular  Homeostasis”  -  W.O.  Fenn,  University  of 
Rochester,  Rochester,  N.  Y. 


WEDNESDAY,  DECEMBER  14,  1960 

Session  Chairman,' T.C.  Butler 
University  of  North  Carolina,  Chapel  Hill,  N.  C. 

AMINE  BUFFERS  AS  PHARMACOLOGICAL  AGENTS 


9:00  A.M.  - 

“Factors  Affecting  the  Hypoglycemic  Activity  of  2.Amino-2-Hydroxy- 
methyl-1,  3-Propanediol”  -  R.  Tarail  and  T.  E.  Bennet,  Roswell  Park 
Memorial  Institute,  Buffalo,  N.  Y. 

“Effects  of  2-Ainino-2-Hydroxyinethyl-l,  3-Propanediol  on  Systemic  Vas¬ 
cular  Resistance  and  Reactivity  and  During  Endotoxin  Shock”  -  J.A. 
Vick,  L.  Hinshaw,  and  W.  Spink,  University  of  Minnesota,  Minneapolis, 
Minn. 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  During  Shock  and 
Catecholamine  Administration”  -  T.  Darby,  Tulane  University,  New 
Orleans,  La. 

"Effects  of  2-Amino-2.Hydroxymethyl-l,  3-Propanediol  During  Cardiac 
Bypass”  -  E.C.  Peirce  11,  Acuff  Clinic,  Knoxville,  Tenn. 

“Effects  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  on  Oxygen  Tox¬ 
icity  in  Mice”  -  A.  Goldberg,  G.G.  Nahas,  and  C.  Sanger,  College  of 
Physicians  and  Surgeons,  Columbia  University,  New  York,  N.  Y. 

“Factors  Affecting  the  Toxicity  of  Amines”  -  V.  Montgomery,  School 
of  Aviation  Medicine,  USAF  Aerospace  Medical  Center,  Brooks  Air  Force 
Base,  Texas. 

“Acute  and  Subchronic  Toxicity  of  2-Amino-2-Hydroxvmethyl-l,  3- 
Propanediol”  -  M.  Roberts,  Don  Baxter,  Inc.,  Glendale,  Calif. 
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Session  Chairman:  J.P.  Merrill 
Harvard  University,  Cambridge,  Mass. 

CLINICAL  USE  OF  AMINE  BUFFERS 


2:00  P.M.  - 

“The  Use  of  2-Amino-2-Hydroxyinethyl-l,  3-Propanediol  in  the  Correc¬ 
tion  of  Metabolic  and  Respiratory  Acidosis”  -  G.  L.  Brinkman,  W. L. 
Brunswick,  and  F.W.  Whitehouse,  Henry  Ford  Hospital,  Detroit,  Mich. 

“The  Use  of  2-Amino‘2-Hydroxymethyl-l,  3-Propanediol  in  the  Manage¬ 
ment  of  Respiratory  Acidosis”  -  P.C.  Luchsinger,  Georgetown  Univer¬ 
sity,  Washington,  D.C. 

“The  Use  of  2-Amino- 2-Hydroxymethyl-l,  3-Propanediol  in  the  Manage¬ 
ment  of  Diabetic  Acidosis”  -  S.B.  Rees,  Joslin  Clinic;  Baker  Research 
Laboratory,  New  England  Deaconess  Hospital;  and  Harvard  University, 
Boston,  Mass. 

“The  Use  of  Amino  Buffers  in  Cardiovascular  Surgery”  -  L.C.  Clark, 
University  of  Alabama,  Birmingham,  Ala. 

“The  Use  of  2-Amino-2-Hydroxymethyl-l,  3-Propanediol  in  Severe  Car¬ 
bon  Dioxide  Intoxication”- H.O.  Sieker  and  F.  Manfredi,  Duke  Univer¬ 
sity,  Durham,  N.  C. 

“The  Use  of  2-Amino-2-Hydroxymethyl-l,  3- Propanediol  During  Short 
Periods  of  Apneic  Oxygenation  in  Man”  -  M.  H;son  Holmdahl,  Uppsala 
University,  Uppsala,  Sweden. 

“The  Use  of  2-Amino- 2-Hydroxymethyl-l,  3-Propanediol  in  the  Manage¬ 
ment  of  Renal  Acidosis”  -  J.P.  Merrill  and  A.H.  Samiy,  Harvard  Univer¬ 
sity,  Cambridge,  Mass.,  and  Peter  Bent  Brigham  Hospital,  Boston,  Mass. 

SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 


Robert  L.  Kroc 
Chairman 


Charles  Noback 
Vice-Chairman 
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CURRENT  PROBLEMS  IN  ELECTROBIOLOGY 

Friday,  December  30,  1960 

Conference  Chairman:  Dominick  P.  Purpura 
Columbia  University,  New  York,  N.  Y. 

9:00  A.M.- 

Greetings  from  the  Academy  -  Robert  L.  Kroc,  Chairman,  Section  of  Bio¬ 
logical  and  Medical  Sciences,  The  New  York  Academy  of  Sciences,  New 
York,  N.  Y.;  Warner-Lambert  Research  Institute,  Morris  Plains,  N.  J. 

Session  Chairman:  A.  Shanes 
National  Institutes  of  Health,  Bethesda,  Md. 

“Ultrastructure  of  Excitable  Membranes”  -  J.  D.  Robertson,  University 
College,  London,  England. 

“Macromolecular  Properties  of  Excitable  Membranes”  -  L.  J.  Mullins, 
Purdue  University,  Lafayette,  Ind. 

“Ionic  Mechanisms  in  Electrogenesis”  -  H.  Grundfest,  Columbia  Univer¬ 
sity,  New  York,  N.  Y. 

Session  Chairman:  H.  Grundfest 
Columbia  University,  New  York,  N.  Y. 

2:00  P.M.- 

“Modes  of  Operation  of  Electric  Organs”  -  M.  V.  L.  Bennett,  Columbia 
University,  New  York,  N.  Y. 

“Activation  and  Inactivation  in  a  Nerve  Ending”  -  W.  R.  Loewenstein, 
Columbia  University,  New  York,  N.  Y. 

"Nervous  Control  of  Chemical  Sensitivity  in  Muscle”  -  S.  Thesleff, 
University  of  Lund,  Stockholm,  Sweden. 

“Spike  Potential  of  Spinal  Motoneurons”  -  C.  A.  Terzuolo,  University 
of  Minnesota,  Minneapolis,  Minn. 


Session  Chairman:  H.  H.  Jasper 
Montreal  Neurological  Institute 
McGill  University,  Montreal,  P.  Q.,  Canada 


18:00  P.M.- 

“Organization  of  Cortex  with  Respect  to  Its  Afferent  Supply”  -  G.  H. 
^  Bishop,  Washington  University,  St.  Louis,  Mo. 
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“Electrophysio logical  Properties  of  an  Archicortical  Neuron”  -  E.  R. 
Kandel,  Massachusetts  Mental  Health  Center,  Boston,  Mass. 

“Analysis  of  Cortical  Axodendritic  Synaptic  Organizations”  -  D.  P. 
Purpura,  Columbia  University,  New  York,  N.  Y. 

SECTION  OF  BIOLOGICAL  AND  MEDICAL  SCIENCES 

Robert  L.  Kroc  Charles  Noback 

Chairman  V  ice-Chairman 


.'VA'ir  MEMBERS 


Elected  December  15,  1960 
LIFE  MEMBERSHIP 

Harwood,  Thomas  R.,  M.D.,  Heart  Disease.  Assistant  Professor,  Pathology, 
Northwestern  University  Medical  School,  Highland  Park,  Ill. 

Le  Mieux,  Victor  V.,  B.A.,  Biology  and  Chemistry.  President  and  General 
Manager,  A.  Perley  Fitch  Company,  Manchester,  N.  H. 

Thompson,  Joseph  John,  Ph.D.,  Food  and  Nutrition.  Vice-President  in  Charge 
of  Research,  Kellogg  Company,  Battle  Creek,  Mich. 


ACTIVE  MEMBERSHIP 

Acker,  Thomas  S.,  Ph.D.,  Anthropod  Evolution  and  Insect  Morphology.  Instructor, 
Biology,  West  Baden  College,  West  Baden  Spring,  Ind. 

Adie,  Peter  A.,  Ph.D.,  Biochemistry.  Defence  Service  Scientific  Officer,  Suffield, 
Experimental  Station,  Ralston,  Alberta,  Canada. 

Agarwal,  S.  L.  M.D.,  Physiology.  Professor  and  Head,  Department  of  Pharma¬ 
cology,  Gajra  Raja  Medical  College,  Gwalior,  India. 

Allen,  Robert  C.,  Ph.D.,  Immunology.  Post-Doctoral  Fellow,  Roscoe  B.  Jackson 
Memorial  Laboratory,  Bar  Harbor,  Me, 

Anderson,  Jewell  Douglas,  M.D.,  Pathology.  Research  Chemist,  Childrens 
Orthopedic  Hospital,  Seattle,  Wash. 

Andrews,  John  M.,  D.O.,  Medicine.  Professor  and  Executive,  College  of  Osteo¬ 
pathic  Physicians  and  Surgeons,  Los  Angeles,  Calif. 

Annan,  Ormsby,  Ph.D.,  Ornithology.  Assistant  Professor,  Michigan  State  Univer¬ 
sity,  East  Lansing,  Mich. 

Arams,  Frank  R.,  M.S.,  Microwave  Electronics.  Consultant,  Airborne  Instruments 
Laboratory,  Melville,  N.  Y. 

Arends,  Charles  B.,  Ph.D.,  Mechanical  Properties  of  Polymers.  Chemist,  The 
Dow  Chemical  Company,  Midland,  Mich. 

Arora,  R.  B.,  M.D.,  Cardiovascular  and  Chemical  and  Biochemical  Aspect  of 
Pharmacology.  Professor,  India  Institute  of  Medical  Science,  Ansari  Nagar, 
New  Delhi,  India. 

Atlas,  David,  D.Sc.,  Geophysics.  Chief,  Weather  Radar  Branch,  Air  Force 
Cambridge  Research  Laboratories,  Newton  Centre,  Mass. 

Atteridg,  Paul  T.,  B.S.,  Chemical  Sciences.  Manager,  Refinery  Plans  Division, 
M.  W.  Kellogg  Company,  New  York,  N.  Y. 

Atwood,  Carl  Edmund,  Ph.D.,  Entomology.  Associate  Professor,  Department  of 
Zoology,  University  of  Toronto,  Toronto,  Ont.,  Canada. 

Aueibach,  Morris  Eli,  B.A.,  Analytical  Chemistry.  Head,  Analytical  Chemical 
Section,  Sterling-Winthrop  Research  Institute,  Rensselaer,  N.  Y. 

Autian,  John,  Ph.D.,  Drugs  and  Plastics.  Associate  Professor,  Pharmacy, 
University  of  Texas,  Austin,  Texas. 

Auxier,  Robert  W.,  B.Sc.,  Research  in  synthetic  resins  and  plastics.  Manager, 
Chemistry  Department,  Westinghouse  Research  Laboratories,  Pittsburgh,  Pa. 

Bancroft,  Jane,  M.S.,  Cytology.  Technician,  Papanicolaou  Cytology  Labora¬ 
tories,  New  York,  N.  Y. 

Banerjee,  Sachindranath,  Ph.D.,  Mycology  and  Plant  Pathology.  Lecturer, 
Botany,  Calcutta  University,  Calcutta,  India. 
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Barrera s,  Jenaro,  M.D.,  General  Surgery.  Surgeon,  Clinica  San  Rafael  Inc,, 
Caguas,  Puerto  Rico. 

Barrington,  Leonard  F.,  Ph.D.,  Research  Administration.  Director,  Applications 
Research,  A.  E.  Staley  Manufacturing  Company,  Decatur,  Ill. 

Bercu,  Bernard,  M.D.,  Internal  Medicine.  Director,  Medicine,  Wayne  County 
General  Hospital,  Eloise,  Mich. 

Berger,  Robert  A.,  M.D,,  Medicine.  Research  Fellow,  Dermatology,  New  York 
University  Postgraduate  Medical  School,  New  York,  N,  Y. 

Bloch,  Bernard,  FRCS.,  Biological  and  Medical  Sciences.  Consultant  Ortho¬ 
paedic  Surgeon,  Private  Practice,  Sydney,  Australia. 

Bomstein,  Joseph,  M.D.,  Biochemistry.  Physician  in  Charge,  Scientific  Studies, 
Alfred  Hospital,  Prahran,  Victoria,  Australia. 

Bowman,  Ollie  M.,  Ph.D.,  Nutrition  and  Biochemistry,  Professor,  Animal  Hus¬ 
bandry,  Florida  A  &  M  University,  Tallahassee,  Fla. 

Brendler,  Samuel  J.,  M.D.,  Neurological  Surgery.  New  England  Center  Hospital, 
Boston,  Mass. 

Brewster,  Harold  Nesbitt,  M.D.,  Medicine  and  Public  Health.  Medical  Director, 
Methodist  Board  of  Missions,  New  York,  N.  Y. 

Campbell,  Margaret  M.,  M.P.H.,  Public  Health.  Assistant  Professor,  University 
of  Alberta,  Edmonton,  Alberta,  Canada. 

Carleton,  Frederick  J.,  M.S.,  Biochemistry.  Senior  radiobiochemist,  Chas, 
Pfizer  and  Company,  Maywood,  N,  J. 

Chang,  Raymond  G.,  M.D.,  Physiology  of  the  Heart  and  Circulation.  Chairman, 
St.  Francis  Hospital,  Honolulu,  Hawaii. 

Chase,  Gaylord  R.,  M.D.,  Otology.  Private  Practice,  Amarillo,  Texas. 

ChiecO'Bianchi,  Luigi,  M.D.,  Biological  and  Medical  Sciences.  Assistant, 
Universita  di  Bari,  Bari,  Italy, 

Cilley,  Earl  L  L.,  M.D.,  Radiology.  Senior  Partner,  Cilly,  Crowell  and  Waud 
Radiology  Clinic,  Bellingham,  Wash. 

Colas,  Marie  Claude,  Pharm.D.,  Physiopathology  of  Inositol,  Laboratoire  de 
Chimie  Biologique,  Paris,  France. 

Compson,  James  E.,  M.D.,  Radiobiology.  Radiologist,  Slocum  Dickson  Medical 
Group,  Utica,  N.  Y. 

Conley,  John  J.,  M.D.,  Head  and  Neck  Surgery.  Pack  Medical  Group,  New  York, 
N.  Y. 

Coughlin,  J.  Desmond,  M.D.,  Medicine.  Physician,  Private  Practice,  Asheville, 

N.  C. 

Crandon,  John  H.,  M.D.,  Surgery.  Associate  Professor,  Surgery,  Tufts  University 
Medical  School,  Boston,  Mass. 

Dajani,  Rashid  M.,  Ph.  D.,  Biochemical  Research.  Chief  Chemist,  Wayne  County 
Medical  Examiner,  Detroit,  Mich, 

Damerel,  Charlotte  I.,  M.S.,  College  Teaching.  Professor,  Chemistry,  Wilson 
College,  Chambersburg,  Pa. 

Damon,  Richard  W.,  Ph.D., Solid  States  Physics.  Director,  Researcn  and  Develop¬ 
ment,  Microwave  Associates,  Incorporated,  Burlington,  Mass. 

Dater,  Arnold  H.,  A.B.,  Chemistry.  Director,  Technical  Service,  Ultra  Chemical 
Works,  Paterson,  N.  J, 

Davatchi,  Abbas,  Ph.D.,  Economic  Entomology  Phytopharmacy.  Head,  Depart¬ 
ment  of  Plant  Protection  Faculty  of  Agriculture,  University  of  Teheran, 
Karadj,  Iran. 

David,  Edward  Emil,  Jr.,  Sc.D.,  Communication  Sciences,  Director,  Visual  and 
Acoustic  Research,  Bell  Telephone  Laboratories,  Murray  Hill,  N.  J. 

Davis,  John  Benjamin,  Ph.D.,  Teaching.  Head,  Department  of  Chemistry, 
American  International  College,  Wilbraham,  Mass. 
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De  Cosse,  Jerome  J.,  M.D.,  Surgery.  Fellow,  Surgery,  Memorial  Center,  New 
York,  N.  Y. 

Deoras,  P.  J.,  Ph.D.,  Biology.  Assistant  Director,  Department  of  Entomology, 
Haffkine  Institute,  Bombay,  India. 

Dice,  John  R.,  Ph.D.,  Medicinal  and  Organic  Chemistry.  Research  Leader, 
Organic  Chemistry,  Parke  Davis  and  Company,  Ann  Arbor,  Mich. 

Downing,  Theodore  O.,  V.M.D.,  Veterinary  Pathology.  Army  Chemical  Center,  Md. 

Dripps,  Robert  D.,  M.D.,  Anesthesiology.  Professor  and  Chairman,  University  of 
Pennsylvania  School  of  Medicine,  Philadelph.a,  Pa. 

Duchane,  Emma  Marie,  B.Sc.,  Physics.  Physicist,  Baird  Atomic  Incorporated, 
Cambridge,  Mass. 

Eisele,  Carolyn,  M.A.,  History  and  Philosophy  of  Science.  Associate  Professor, 
Mathematics,  Hunter  College,  New  York,  N.  Y. 

Elko,  Eklward  E.,  Ph.D.,  Biological-Lipid  Metabolism.  Instructor,  Department  of 
Physiology,  University  of  Tennessee,  Memphis,  Tenn. 

Estok,  George  K.,  Ph.D.,  Molecular  Structure.  Professor,  Chemistry,  University 
of  San  Diego,  San  Diego,  Calif. 

Finger,  Louis,  M.D.,  Medicine.  Private  Practice,  New  York,  N.  Y. 

Finkelstein,  Lawrence  J.,  M.D.,  Cardiovascular  Research.  Research  Associate, 
Department  of  Physiology.  Hahnemann  Medical  College  and  Hospital, 
Philadelphia,  Pa. 

Finkelstein,  William  E.,  M.D.,  Human  Pathology.  New  York  Polyclinic  Hospital, 
New  York,  N.Y. 

Frank,  Jan,  M.D.,  Psychoanalysis.  Lecturer,  Psychiatry,  College  of  Medicine, 
New  York,  N.  Y. 

Franklin,  Arthur  E.  Ph.D.,  Virology.  Medical  Research  Associate,  University 
of  Toronto,  Toronto,  Ont.,  Canada. 

Friedman,  B.  Kalman,  D.D.S.,  Dentistry.  Private  Practice,  Amityville,  N.  Y. 

Gasul,  Benjamin  M.,  M.D.,  Pediatric  Cardiology.  Cook  County  Children’s 
Hospital,  Chicago,  Ill. 

Giffen,  Lawrence  Everett,  M.A.,  Anesthesiology.  Chairman,  Department  of 
Anesthesia,  Still  Hospital,  Jefferson  City,  Mo. 

Goswami,  A.,  Ph.D.,  Chemical  Physics.  Senior  Scientific  Officer,  National 
Chemical  Laboratory,  Poona,  India. 

Goulian,  Dicran,  Jr.,  M.D.,  Biological  Sciences.  Instructor,  Surgery,  Cornell 
University  Medical  College,  New  York,  N.  Y. 

Granick,  Ruth,  A.B.,  Sociology.  Assistant  Research  Scientist  and  Lecturer, 
Sociology,  Columbia  University,  New  York,  N.  Y. 

Grawitz,  Paul  Busse,  M.D.,  Pathology.  Director  Clinica  Allemana  Cordoba, 
Argentina. 

Gunther,  Francis  A.,  Ph.D.,  Chemical  Entomology.  Insect  Toxicologist,  Uni¬ 
versity  of  California,  Riverside,  Calif. 

Gylys,  Jonas  A.,  Ph.D.,  Pharmacology.  Senior  Scientist,  Warner-Lambert 
Research  Institute,  Morris  Plains,  N,  J. 

Haselberger,  Herta,  Dr.  Phil.,  Ethnological  Art.  Lecturer,  Vienna  High  School  of 
Technology,  Vienna,  Austria. 

Hertell,  Joseph  A.,  M.D.,  Internal  Medicine.  Private  Practice,  Atlanta,  Ga. 

Huff,  Majon,  Animal  Disease  Prevention.  President,  Colorado  Serum  Comptany, 
Denver,  Colo. 

Jay,  James  M.,  Ph.D,,  Bacteriology.  Professor,  Bacteriology,  Southern  Uni¬ 
versity,  Baton  Rouge,  La. 

Katsampes,  Chris  P.,  M.D.,  Pediatrics.  Assistant  Director,  Clinical  Research, 
Wamer-Lanbert  Research  Institute,  Morris  Plains,  N.  J. 

Kay,  Earle  B.,  M.D.,  Heart  Surgery  and  Heart  Research.  Private  Practice, 
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Cleveland,  Ohio. 

Koenig,  M.  Glenn,  M.D.,  Infectious  Disease.  Instructor  in  Medicine,  Vanderbilt 
University,  Nashville,  Tenn. 

Korry,  Myron,  M.D.,  Pediatrics.  Private  Practice,  Champaign,  Ill. 

Kraushaar,  Alfred  E.,  M.D.,  Pharmacology  and  Microbiology.  Director,  Medical 
Research,  Biochemie,  Kundl,  Austria. 

Landolt,  Ruth,  M.D.,  Hormones.  Post-Doctoral  Research  Fellow,  Brandeis 
University,  Waltham,  Mass. 

Lavender,  A.  R.,M.D.,  Renal  Physiology.  Assistant  Professor,  Medicine,  Uni¬ 
versity  of  Chicago,  Chicago,  Ill. 

Lesman,  Edward,  E.E.Dr.,  Bio-Medical  Electronics  Research.  Private  Practice, 
New  York,  N.  Y. 

Lipkin,  Mack,  M.D.,  Internal  Medicine.  Assistant  Professor,  Clinical  Medicine, 
Cornell  University  Medical  Center,  New  York,  N.  Y. 

Lipow,  Eugene  G.,  M.D.,  Orthopedic  Surgery.  Private  Practice,  Washington,  D.C. 

Long,  Loren  M.,  Ph.D.,  Organic  and  Biochemistry.  Director,  Chemical  Research, 
Parke,  Davis  and  Company,  Ann  Arbor,  Mich, 

Louloudes,  Spiro  J.,  Ph.D.,  Biochemistry.  Associate  Insect  Physiologist,  United 
States  Department  of  Agriculture,  Beltsville,  Md. 

Madden,  Robert  E.,  M.D.,  Surgical  Aspects  of  Cancer.  Assistant  Professor, 
Surgery,  New  York  Medical  College,  New  York,  N.  Y. 

Malhotra,  D,  L.,  M.D.,  Pharmacology.  Professor  and  Head,  Department  of 
Pharmacology,  Lady  Hardinge  Medical  College,  New  Delhi,  India. 

Margarida,  Carlos  Jose,  M.D.,  Ophthalmology.  Assistant  Attending,  Ophthal¬ 
mology,  Puerto  Rico  School  of  Medicine,  Santurce,  Puerto  Rico. 

Marvin,  Sidney  L.,  M.D.,  Neurophysiology-Neuropsychiatry.  Walter  Reed  Army 
Institute,  Silver  Spring,  Md. 

Mendes,  Ernesto,  M.D.,  Allergy  and  Immunopathology.  Head,  Section  of  Allergy 
Department,  S^o  Paulo  Medical  School  “Hospital  Clinicas’’,.  S£o  Paulo, 
Brazil. 

Miller,  Arnold  I.,  M.S.,  Biology.  Teacher,  New  York  Public  Schools,  Brooklyn, 

N.  Y. 

Miller,  Claude  Henry,  M.D.,  Medicine.  Private  Practice,  New  York,  N.  Y. 

Miller,  Franklin  R.,  M.D.,  Internal  Medicine.  Associate  Professor,  Medicine, 
Hahnemann  Medical  College  and  Hospital,  Philadelphia,  Pa. 

Miller,  Lowell  D.,  Ph.D.,  Research  Biochemistry.  Biochemistry,  Irwin,  Neisler 
Research  Laboratory,  Decatur,  Ill. 

Mullick,  Vishanu  Dutt,  Ph.D.,  Physiology,  Professor,  Physiology,  Lady  Hardinge 
Medical  College,  New  Delhi,  India. 

Mumford,  Robert  S.,  M.D.,  Psychiatry.  Private  Practice,  New  York,  N.  Y. 

Mundkur,  Balaji,  Ph.D.,  Cytology.  Assistant  Professor,  University  of  Connecticut, 
Storrs,  Conn. 

Munster,  Anna  T.,  M.D.,  Medicine.  Supervising  Psychiatrist,  Rockland  State 
Hospital,  Orangeburg,  N.  Y. 

Murdock,  Fred  M.,  D.V.M.,  Microbiology.  Executive  Vice-President,  Anchor 
Serum  Company,  St.  Joseph,  Mo. 

Neptune,  Wilford  B.,  M.D.,  Thoracic  and  Cardiovascular  Surgery.  Associate, 
New  England  Deaconess  Hospital,  Boston,  Mass. 

Nichols,  Frederick  L.,  M.D.,  Endocrinology  and  Internal  Medicine.  Associate, 
Department  of  Medicine,  Hartford  Hospital,  Hartford,  Conn. 

Nielsen,  Margaret  R.,  B.A.,  Biology.  Science  Teacher,  Ellis  Junior  High  School, 
Elgin,  Ill. 

Nowotny,  Alois  H.,  Ph.D.,  Immunochemistry.  Senior  Research  Associate,  City 
of  Hope  Medical  Center,  Duarte,  Calif. 
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Papa,  James  A.,  M.D.,  Medicine.  Private  Practice,  Brentwood,  N.  Y. 

Powell,  Robin  D.,  M.D.,  Renalvascular  Disease.  Resident  in  Medicine,  Univer¬ 
sity  of  Chicago,  School  of  Medicine,  Chicago,  Ill. 

Pulos,  William  Leroy,  M.S.,  Educational  Psychology,  Chairman,  Alfred  Univer¬ 
sity,  Alfred,  N.  Y. 

Reitan,  Phillip  J.,  Ph.D.,  Embryology.  Assistant  Professor,  Biology,  Wagner 
College,  Staten  Island,  N.  Y. 

Ritchie,  R.  C.,  M.D.,  Pathology.  Northwestern  General  Hospital,  Toronto, 
Canada. 

Rosenfield  S.  Zelman,  M.D.,  Cardiology.  Private  Practice,  New  York,  N.  Y. 

Rubin,  A.  J.,  D.O.,  Pediatrics.  Chairman,  Doctor’s  Hospital,  Tucker,  Ga. 

Ruona,  Martin  A.,  M.D.,  Neuropsychiatry.  Private  Practice,  Billings,  Mont. 

Salazar,  Pedro  A.,  M.D.,  General  Surgery  and  Urology.  Resident  in  Urology, 
Wilkes-Barre  General  Hospital,  Wilkes-Barre,  Fa. 

Saleh,  Jehan  Shah,  M.  D.,  Gynecology  and  Obstetrics,  Professor  and  Chairman, 
Department  of  Gynecology  and  Obstetrics,  Teheran  Faculty  of  Medicine, 
Teheran,  Iran. 
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